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Abstract

This dissertation develops a novel account of fragmented epistemic2 jus-

tification. It departs from and expands on the literature on fragmented

accounts of belief, and develops a theory where not belief, but the justi-

fication of belief, is fragmented. This account is novel, and an addition

to the already existing literature on fragmented accounts of belief. It will

also shed light on and help to develop answers to some underdiscussed

and unsolved questions in the existing literature on fragmentation, such as

questions about the rationality of fragmentation.

In a nutshell, what it means for justification to be fragmented will be

that some piece of evidence might justify a certain proposition relative

to some mental fragment, whereas that same piece of evidence might not

justify that same proposition relative to a different mental fragment. The

epistemic and non-epistemic circumstances, such as differences in accessible

information, or different perspectives, focus, or practical goals etc., of the

agent can vary across fragments, which is why these circumstances will be

the parameters distinguishing fragments from each other. What exactly

this means will become clear throughout this dissertation.

For the first qualitative part of the dissertation, justification will be

modelled to be a non-monotonic justification relation that holds between

pieces of evidence and the propositions they justify, which will be indexed

to fragments. Fragments, here, will be modelled by using total plausibility

pre-orders over possible worlds.

Later on, within a quantitative account of fragmented justification,

2Unless explicitly noted otherwise, from here on, if I use the word “justification”, I
always refer to epistemic justification.



there will be a variety of ways to spell out the concept of justification.

Here, fragments will be modelled by using (subjective) probability func-

tions or credence functions.

After an introductory chapter, there will be a chapter focusing on an

overview over relevant literature that is being discussed or worked with

in this dissertation. Then, chapter 3 presents a skeleton of a qualitative

(non-probabilistic) account of fragmented justification and shows how this

account is able to provide a novel and attractive solution to the preface

paradox (Makinson, 1965), one of the central paradoxes of epistemology.

Then, chapter 4 develops a more full fledged account of qualitative frag-

mented justification, using this time not the preface paradox but a scenario

from climate science as a motivating example for the account. Here, a

scientific expert about climate science seems to be justified in believing

an overall inconsistent set of propositions. The chapter explains how the

toolkit of orthodox epistemology is limited in dealing with situations like

this, and argues that fragmentation is a more appropriate strategy than

existing approaches to deal with (seemingly rational) inconsistent doxastic

states. The chapter provides a formalisation of this example, as well as

a number of justifying reasons for why fragmentation can be rational. It,

also, develops some precautionary norms of fragmentation. It concludes

by explaining how fragmented justification relates to belief, and argues

that fragmented justification provides a novel rationality argument for ac-

counts of fragmented belief, and, furthermore, how one should go about

de-fragmenting in light of practical rationality.

Chapters 5 and 6 turn to a probabilistic or quantitative account of frag-

mented justification – fragmented Bayesianism. Chapter 5 presents a very

general version of fragmented Bayesianism, much more general than the

existing accounts of fragmented Bayesianism that already exist. The basic

idea is that the doxastic state of an agent will be represented not by one

credence function, but by a set of credence functions, corresponding to dif-

ferent fragments. The focal point of this chapter is a list of parameters,

such as background knowledge, algebra, confirmation measure, or ur-prior,

that are part of the orthodox Bayesianism machinery, which, each, can be



chosen to be either fragmented or global within a fragmented account of

Bayesianism. Depending on which and how many of those parameters are

chosen to be kept global or to render fragmented, the resulting account

of fragmented Bayesianism will be more or less severely fragmented. The

chapter provides motivations and arguments for why Bayesianism in gen-

eral, and each of the parameters in particular, deserve fragmented versions.

It also provides a brief comparison between the qualitative account of frag-

mented justification developed in the previous chapters with fragmented

Bayesianism.

Lastly, chapter 6 compares fragmented Bayesianism with another frame-

work, imprecise Bayesianism. Imprecise Bayesianism aims to model agents

who do not have enough information to form precise credences. Fragmen-

tation, on the other hand, aims to represent agents with fragmented dox-

astic states, where fragments are individuated via differences in the agent’s

epistemic and non-epistemic circumstances. The formal models underlying

these two accounts are strikingly similar. In both frameworks, the agent’s

doxastic state is represented not via one but via many different credence

functions. The literature on fragmentation and imprecision do not com-

ment on the striking similarity between these two different accounts. This

is why chapter 6 is devoted to presenting and comparing their similarities

and differences.

The dissertation closes with a conclusion and some remarks on potential

avenues for further work.





Deutsche Zusammenfassung

Diese Dissertation entwickelt eine neuartige Theorie fragmentierter Recht-

fertigung. Sie weicht von der bestehenden Literatur über fragmentierte

Überzeugungen ab und erweitert diese, indem sie eine Theorie entwickelt,

in der nicht die Überzeugungen (beliefs), sondern die Rechtfertigung dieser

Überzeugungen eine fragmentierte Struktur hat. Dieser Ansatz ist neuartig

und stellt eine Ergänzung zur und Erweiterung der bereits bestehenden Li-

teratur über Theorien von fragmentierten epistemischen Attitüden, wie zu

Beispiel fragmentierter Überzeugung, dar. Zudem werden in dieser einige

bislang wenig diskutierte und ungelöste Fragen der Fragmentationsliteratur

besprochen und beantwortet, insbesondere Fragen in Bezug auf die Ratio-

nalität von Fragmentierung.

Fragmentierte Rechtfertigung erlaubt es, dass bestimmte Daten / Evi-

denz eine Proposition relativ zu einem bestimmten mentalen Fragment

rechtfertigen können, während dieselben Daten dieselbe Proposition relativ

zu einem anderen Fragment möglichwerweise nicht rechtfertigen. Menta-

le Fragmente unterscheiden sich durch unterschiedliche epistemischen und

nicht-epistemische Umstände, in denen sich ein Agent relativ zu den unter-

schiedlichen Fragmenten befinden kann, wie, unter anderem, die Informati-

on, die zugämglich ist, die Perspektive des Agenten, oder praktische Ziele,

die verfolgt werden. Was genau das bedeutet, wird im Laufe der Disserta-

tion klar werden. Ich werde auf bestimmte Fragment-individuierende Para-

meter genauer eingehen, und erklären, warum solch Fragment-individuierende

Parmeter Fragmentierung auch rational rechtfertigen können. Diese Theorie

wird es möglich machen, bestimmte Probeme zu lösen, mit denen traditio-



nelle Erkenntnistheorie Probleme hat. Der Grund hierfür ist, dass die Theo-

rie, die ich in dieser Dissertation entwickle, es schaffen wird, zu erklären,

warum bestimmte epistmeische Situationen rational sein können, obwohl

traditionelle Erkenntnistheorie solche Situationen als irrational kennzeich-

nen würden.

Im ersten qualitativen Teil dieser Dissertation wird Rechtfertigung als

nicht-monotone Rechtfertigungsrelation zwischen Daten / Evidenz (repr.

durch Propositionen) und den Propositionen, die zu rechtfertigen sind, mo-

delliert. Diese Rechtfertigungsrelation ist Fragment-relativ. Das bedeutet,

dass die Validität einer bestimmten Instanz dieser Relation von der Be-

schaffenheit des Fragments abhängt, auf dem die Funktion definiert ist.

Fragmente werden hier durch totale Plausibilitätsordnungen über mögliche

Welten modelliert. Das bedeutet, in Kurzform, dass

Später, im hinteren Teil der Dissertation, biete ich, zusätzlich zu der

qualitativen Theorie von fragmentierter Rechtfertigung auch eine quanti-

tative / probabilistische Version davon an. Der Grund hierfür ist, dass es,

zusätzlich zu qualitativen nicht-framentierten Ansätzen von Rechtertigung

in der Literatur bisher, auch sehr einflussreiche quantitative / proabili-

stische Ansätze von Rechtfertigung gibt, am bekanntesten der sogennante

Bayesianismus.

Im Rahmen einer quantitativen Theorie fragmentierter Rechtfertigung,

kann das Konzept der Rechtfertigung auf verschiedene Weise ausgearbeitet

werden, worauf ich in den späteren Kapiteln dieser Dissertation genauer

eingehen werde. In diesem probabilistischen Teil werden Fragmente mithilfe

von subjektiven Wahrscheinlichkeitsfunktionen modelliert werden.

Nach einem einleitenden Kapitel, in dem ich meine persönliche, als auch

die philosophische Motivation für das Thema dieser Dissertation motiviere,

folgt ein Überblickskapitel über die relevante Literatur, die in der Disser-

tation behandelt und verwendet wird. Das Kapitel rekapituliert zunächst

in Form einer kurzen Zusammenfassung das historische Interesse in das

Konzept der Rechtfertigung, und gibt anschließend einen Überblick über

die gängigen Theorien der Rechtfertigung in der erkenntnistheoretischen

Literatur. Das Kapitel gibt, außerdem, eine Einführung in “fragmentier-



te Erkenntnistheorie”, da sich diese Dissertation in diesen Literaturstrand

eingliedern wird, und ein Verständis von und Überblick über dieselbe es-

senziell für den Inhalt dieser Dissertation ist. Außerdem folgen im selbigen

Kapitel ein Hintergrund zu und Überblick über die Sozialwahltheorie, Baye-

sianismus, sowie die Theorie der impräzisen Wahrscheinlichkeiten, da alle

diese Ansätze im Verlauf der Dissertation relevant werden. Am Ende dieses

Kapitels steht eine Zusammenfassung und ein Ausblick darüber, was diese

Dissertation für Additionen und Neuerungen zu den jeweiligen Literatur-

feldern beitragen wird.

Als nächstes präsentiert Kapitel 3 dann das Grundgerüst einer qualita-

tiven (nicht-probabilistischen) Theorie fragmentierter Rechtfertigung und

zeigt, wie dieser Ansatz eine neuartige und überzeugende Lösung für das

Vorwort-Paradoxon (Makinson, 1965) bietet – eines der zentralen Parado-

xien der Erkenntnistheorie.

In dem Vorwort-Paradoxon geht es darum, dass ein∗e scheinbar hoch-

rationaler Autor∗in eines Buches zu einem bestimmten Thema in diesem

Buch eine große Menge an gut gerechtfertigen Aussagen A1, ..., An kom-

muniziert, aber dann im Vorwort desselbigen Buches zugibt, ebenfalls auf

Basis guter Rechtfertigung, dass eine der Aussagen A1, ..., An falsch ist.

Das scheint irrational, denn damit wird eine global inkonsistente Menge

von Aussagen kommuniziert. Der Grund, warum diese Situation nun als

Paradox gehandelt wird, ist, dass der oder die Autor∗in sehr wohl rational

scheint. Alle Aussagen, die in dem Buch getätigt werden (einschließlich des

Vorwortes), sind gut gerechtfertigt. Aber traditionelle Erkenntnisthorie be-

sagt, dass eine solch inkonsistente Menge von Aussagen nicht rational sein

kann.

Die Theorie der fragmentierten Rechtfertigung als Lösung zu diesem

Paradox setzt auf anderen Lösungen auf, die ebenfalls Fragmentierung als

Werkzeug verwenden. Die Lösung, die in dieser Dissertation vorgestellt

wird, nutzt jedoch die neuartige Theorie der fragmentierten Rechtferti-

gung, und wird sich aus unterschiedlichen Gründen als besonders attraktive

Lösung herausstellen.

Kapitel 4 entwickelt diese qualitative Theorie fragmentierter Rechtferti-



gung dann weiter, diesmal nicht anhand des Vorwort-Paradoxons, sondern

mithilfe eines Beispiels aus der Klimawissenschaft. Hierbei scheint ein∗e

wissenschaftliche∗r Expert∗in im Gebiet der Klimawissenschaft gerechtfer-

tigt zu sein, in eine insgesamt inkonsistente Menge von Überzeugungen zu

haben. Das Kapitel erklärt, warum das Instrumentarium der traditionellen

Erkenntnistheorie nicht ausreicht, um solche Situationen richtig zu analysie-

ren und zu lösen, und argumentiert, dass fragmentierte Rechtfertigung eine

geeignetere Strategie darstellt als bestehende Ansätze, um mit (scheinbar

rationalen) inkonsistenten doxastischen mentalen Zuständen umzugehen.

Es liefert eine Formalisierung des Beispiels sowie eine Liste von Gründen,

warum Fragmentierung rational sein kann. Zudem werden Vorsichtsnormen

im Bezug auf Fragmentierung entwickelt; sie erklären wann und wie Agen-

ten ihr doxastisches System fragmentieren dürfen. Das Kapitel schließt mit

einer Erläuterung, wie fragmentierte Rechtfertigung sich zu dem Konzept

der Überzeugung verhält. Es wird hier argumentiert, dass fragmentierte

Rechtfertigung ein neues Rationalitätsargument für fragmentierte Theo-

rien der Überzeugung darstellt, und analysiert, wie ein Prozess der De-

Fragmentiertung aussehen kann, falls praktische Rationalität einen solchen

nötig machen sollte.

Kapitel 5 und 6 wenden sich einer probabilistischen bzw. quantitativen

Theorie fragmentierter Rechtfertigung zu – dem fragmentierten Bayesianis-

mus.

Kapitel 5 präsentiert eine sehr allgemeine Version des fragmentierten

Bayesianismus, die deutlich allgemeiner ist als bestehende Ansätze. Die

Grundidee ist, dass der doxastische Zustand eines Agenten nicht durch

eine einzige, sondern durch mehrere Wahrscheinlichkeitsfunktionen darge-

stellt wird – je eine für jedes mentale Fragment. Der Schwerpunkt dieses

Kapitels liegt auf einer Liste von Parametern (z.B. Hintergrundwissen, Al-

gebra, Bestätigungsmaß, “Ur-Prior”), die in der orthodoxen bayesianischen

Theorie festgelegt sind, und in einer fragmentierten Version jeweils global

(unfragmentiert) oder fragmentiert werden können. Je nachdem, welche

und wie viele dieser Parameter global festgelegt, oder fragmentiert werden,

ergibt sich eine unterschiedlich stark fragmetierte Version einer Theorie



des fragmentierten Bayesianismus. Das Kapitel liefert Argumente, warum

Bayesianismus allgemein, und insbesondere jeder dieser Parameter, eine

fragmentierte Version verdient. Außerdem wird ein kurzer Vergleich zwi-

schen der zuvor entwickelten qualitativen Theorie fragmentierter Rechtfer-

tigung und der des fragmentierten Bayesianismus gezogen.

Schließlich wird in Kapitel 6 der fragmentierten Bayesianismus mit einer

anderen, aber verwandten, Theorie – dem impräzisen Bayesianismus (im-

precise Bayesianism) verglichen. Dieser zielt darauf ab, Agenten zu model-

lieren, die nicht genügend Informationen besitzen, um präzise probabilisti-

sche Überzueugungen (Credences) zu bilden. Fragmentierung hingegen mo-

delliert Agenten mit fragmentierten doxastischen Zuständen, wobei sich die

Fragmente durch Unterschiede in epistemischen und nicht-epistemischen

Umständen des Agenten voneinander unterscheiden. Obwohl die formalen

Modelle in beiden Theorien sehr ähnlich sind – in beiden Fällen wird das

doxastische System von Agenten durch eine Menge von Wahrscheinlich-

keitsfunktionen dargestellt – wird diese Ähnlichkeit in der Literatur nicht

thematisiert. Daher widmet sich Kapitel 6 einem Vergleich beider Ansätze.

Die Dissertation schließt mit einem Fazit und einigen Bemerkungen zu

möglichen Richtungen für zukünftige Forschung zum Thema der fragmen-

tierten Rechtfertigung ab.
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Chapter 1

Introduction

What distinguishes a rational belief from an irrational one? What is the

difference between a rational belief and knowledge? Does the answer to

these questions depend on context, that is, does it matter whether we are

dealing with beliefs in or knowledge about scientific hypotheses, or, for

example, mundane everyday beliefs about the weather?

These are examples of questions that have accompanied me throughout

my studies of philosophy, and have even motivated to pursue a degree in

philosophy in the first place. Throughout highschool, I would always be

interested in how we can know the theories we learn are true, and how we

can justify our belief in a hypothesis or theory.

During 8th grade of my high school studies, I got the opportunity to

take part in a summer school for mathematically interested students; and

I ended up taking a two-week long summer course in logic, titled “Alles

logisch? Mit Mathematik und Philosophie dem Denken auf der Spur”. I

learned about logic and how mathematics and philosophy are so closely

related, although one might think differently at first glance. We learned

about epistemology and philosophy of language, just to name some topics,

and started to understand how logic and mathematics relates to these philo-

sophical disciplines and theories therein. In the end, we reached the overall

goal of the course which was to prove the soundness and completeness of

propositional logic.
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In the first stages of my undergraduate degree in philosophy, I focused

on studying logic and philosophy of language. With the years passing, I

also developed an increasing interest in the philosophy and methodology

of science. Here, the topics that interested me the most could be classified

– unbeknownst to me at the time – as epistemology of science: How does

the problem of induction pose difficulties to a deductive approach about

whether evidence can or cannot validate or support scientific hypotheses?

Or, how have different theories of confirmation looked liked through the

history of philosophy of science?

I realised – one of the central concepts of interest to philosophers of

science, but also to myself, is justification. And as I continued my studies,

I learned more about the concept of justification, now also within orthodox

epistemology. And I got increasingly interested in what philosophy can tell

us — as humans — about how we should reason, how we should reason to

be rational human beings, how we should reason to be able to pursue the

ultimate goal of getting closer to the truth.

I find these questions especially fascinating, first, because they can have

a real impact for my own, and potentially (and hopefully) many other

peoples lives. But, moreover, I find them fascinating, because in these

questions, so many areas of philosophy come together; it becomes neces-

sary to employ and combine many different sub-disciplines of philosophy

to try and tackle questions like these, logic, probability theory, orthodox

epistemology, philosophy of science, decision theory, social epistemology,

and potentially many more.

I wrote my undergraduate thesis on a topic in the philosophy of lan-

guage, on epistemic modals, and seemingly paradoxical sentences of the

form “It is raining and it might not be”. I chose this topic, because I liked

how it combined a variety of topics I was interested in. To think about this

topic, I needed logic, and semantics in particular; I used epistemic modal

logic and dynamic variants of epistemic modal logic to investigate these

types of sentences. I also needed to build on literature in the philosophy of

language. But this was not all; epistemology was relevant too, after all, the

types of modals I was thinking about were epistemic. And the result of this
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thesis foreshadows the kind of philosophy I have been interested in subse-

quently and has, eventually, led me to write this doctoral dissertation. The

result of my undergraduate thesis was that the orthodox “propositionalist”

(standard possible world semantics) way of modelling sentences including

epistemic modals was too strong or demanding and ultimately not suited

to appropriately model the semantics and pragmatics of epistemic modals.

Other dimensions that came into the picture during my graduate studies

in philosophy were, first, topics in the philosophy of logic, with the main

driving questions for me being: Does classical logic prescribe me how to

reason in order to be a rational human being? If yes, what if I fail to

adhere to the norms that logic prescribes? But if I fail to perfectly adhere

to those norms, am I automatically irrational? Is everybody, even really

smart scientific experts, irrational, because really, no human can manage

to adhere to the demands classical logic poses? Because no one’s beliefs

are logically closed. And no one’s beliefs are always consistent.

Another dimension I became increasingly interested in is how practical

and theoretical rationality relate; I started studying decision theory and

social choice theory, social epistemology, and dealt with epistemological

questions that arise at the intersection between science and policy making

and practical decision making more generally.

And centrally, again, I was interested in the concept and role of justifi-

cation, in relation to all of these topics mentioned. I wrote a first masters

dissertation, titled “Can a group be justified in believing a contradiction?”.

This dissertation brought together my interest in logic, in particular epis-

temic logic, philosophy of science, orthodox epistemology and social episte-

mology. I defended the idea that groups can in fact be justified in believing

contradictions which is a thesis that does not align with the norms ortho-

dox epistemology imposes for both individual epistemic agents and group

agents.

I wrote a second masters dissertation on logics of evidence-based beliefs

that reflects my interest in what makes beliefs of epistemic agents rational

or justified, and how this can be formally represented and studied.

Fast forward to now writing the introduction of my doctoral dissertation.
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A dissertation in epistemology that departs from orthodox epistemology,

by adding to the literature on fragmented epistemology, and challenges

aspects orthodox epistemology. A dissertation that employs elements from

the toolbox of logic (especially non-monotonic logics), as well as probability

theory. A dissertation developing a novel theory of justification; a theory

of the concept that accompanied me throughout my studies of philosophy.

A dissertation that deals with the question of what rationality can look

like for for real agents that are fallible and imperfect, and do not adhere to

the norms of orthodox epistemology, but still seem rational. A dissertation

that thinks about rationality, in both epistemic and practical terms. And

a dissertation that combines elements from orthodox epistemology with

elements from contemporary formal epistemology.

Now you might be left thinking – ok, but what is this dissertation about

more precisely? Let me start at the beginning.

Imagine an author of a book about baby nutrition. This author is a

scientific expert about baby nutrition. They have done extensive research

on the topic. In this book, they communicate their beliefs about baby

nutrition, in a number of chapters that each contain many claims about

baby nutrition. The author believes these claims about baby nutrition to

be true. They do so because these claims are very well justified by evidence.

At the same time, in the preface of their book, this author communicates

their belief that one of the claims about baby nutrition they make in the

main part of the book is false. This is a variant of the well-known preface

paradox, first formulated by Makinson (1965). Taken together, all the

claims that the author makes within the book are inconsistent. In the main

part of the book, the author communicates a number of claims, A1, ..., An

and in the preface of the book, they claim the negation of the conjunction

of these propositions ¬(A1, ..., An) which means nothing other than that

they claim that one of the claims they make in the main part of the book,

A1, ..., An, is false.

Orthodox epistemology tells us that if an agent has an overall inconsis-

tent set of beliefs, as the author seems to be doing, then they are irrational.

The reason why this is considered a paradox is that intuitively, it seems
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that the author is nonetheless rational. Each of the claims they make in

the book are well-justified, which, traditionally, is an indicator of the ratio-

nality of a belief. And the author is a scientific expert about the field they

are writing about, so who could be more rational when it comes to baby

nutrition than them?

Fragmented epistemology provides a solution to this problem. Frag-

mented epistemology departs from the norms of orthodox epistemology in

the following way: Orthodox epistemology thinks of the belief state of an

agent as a set of beliefs that has to satisfy certain criteria in order for the

agent to qualify as rational. For the agent to quality as rational, their set

of beliefs has to be consistent (i.e. may not contain claims that contradict

each other), and closed under logic / under consequence (i.e. if an agent

believes a claim, and another claim logically follows from that claim, they

ought to also (explicitly) believe that second claim). The author of the book

about baby nutrition does not adhere to these norms, since their overall

belief set is inconsistent. Therefore, according to orthodox epistemology,

the author is not rational.

Now, according to fragmented accounts of belief, the norms the norms

of epistemic orthodoxy do not have to hold for the agent’s overall belief

set. Instead, fragmented accounts of belief allow for the agent’s belief set

to be compartmentalised into different fragments, different subsets of the

overall set of beliefs that are independently accessible, may get activated

in different circumstances, and may contain different kinds of information.

In particular, pieces information that are incompatible with each other

may be stored in different fragments without making the agent necessarily

irrational.

Fragmented accounts of belief can solve the preface paradox by rendering

belief a fragment-relative notion. The claims the author make about baby

nutrition are contained in / hold relative to one mental fragment, whereas

the claim the author makes in the preface about there being a false claim

in the book is contained in / holds relative to a different mental fragment.

Because the claims that, taken together, produce an inconsistent belief set,

are contained in different fragments, this inconsistency can be prevented.
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The reason for this is that, for fragmented accounts of belief, orthodox

rationality norms hold within but not across fragments. This means, in

particular, that closure under conjunction does not hold across fragments,

which prevents the author from explicitly believing the outright inconsistent

conjunction A1 ∧ ... ∧ An ∧ ¬(A1 ∧ ... ∧ An).

Although fragmented accounts of belief provide a solution to the pref-

ace paradox, there are some open issues. Can fragmented belief accounts

explain why it would be rational for the author to be fragmented in this

way? Makinson motivates the intuition for the author being rational in be-

lieving an overall inconsistent set of claims via the good justification that

each of the claims enjoy. The justification of the author’s beliefs, however,

do not play a significant enough role in the solution that fragmented belief

accounts provide to the paradox.

The account of fragmented justification I develop in this dissertation

builds on the literature already existent on fragmented belief. The account

of fragmented justification will be able to provide a novel solution to this

paradox that is able to answer the questions just mentioned that fragmented

belief accounts do not manage to answer. This will be subject of chapter 3

of this dissertation.

Similar situations, where agents seem to be rational in entertaining an

overall inconsistent belief set, also arise in other circumstances beyond the

preface paradox. For example, as I develop in chapter 4 of this dissertation,

it can happen to scientific experts about complex systems such as the cli-

mate when they engage in forming beliefs based on the results of computer

modelling simulations. There are situations where the toolkit of orthodox

epistemology will be ill-suited to account for the intricacies of specific epis-

temic situations, like the preface paradox, or a scientific expert justifiedly

believing two conflicting hypotheses. I will show how, in such a case, it

does not make sense to suspend judgment, nor “forcefully” remove one of

the hypotheses from the doxastic state of the agent, which are the options

orthodox epistemology provide. I will explain how fragmentation will be

much better suited to accommodate for situations like this.

I will explain what factors can distinguish fragments from each other,
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as well as under what circumstances fragmentation can be rational. This

is a very central aspect of this dissertation; fragmented justification, and

fragmentation more generally, should not be seen as an account of rational-

ising mistakes. I will show how fragmentation will, in some cases, be the

epistemically superior strategy compared to the toolkit of orthodox episte-

mology, which is a novel argument in the fragmentation literature. I will

also develop a set of precautionary norms on how and when fragmentation

can be rationally permissible.

Beyond, the account of fragmented justification will add to the litera-

ture of, both justification, and fragmentation, because all existing orthodox

accounts of justification are implicitly based on an unfragmented picture

of belief and rationality more generally1. I also discuss how fragmented

justification relates to belief, and how, given fragmented justification, one

can de-fragment in such a way to result in unfragmented beliefs. This will

be important because, as I will show, fragmentation can (but does not

necessarily) pose significant problems for practical rationality.

The first part of the dissertation – chapters 3 and 4 – will be based on

a qualitative (non-probabilistic) conception of justification. Here, justifi-

cation will be modelled via non-monotonic justification relations that hold

between pieces of evidence and the claims they support. These relations

will be fragment-relative. Fragments, in this framework, will be modelled

to be total plausibility pre-orders over possible worlds. This will result in

it being possible that a certain piece of evidence, E, can justify a claim, A,

relative to some mental fragment, while E might not justify A relative to

another mental fragment.

The second part of the dissertation – chapters 5 and 6 – will be devoted

to probabilistic notions of justification and fragmented versions thereof.

Here, different mental fragments will be modelled by using different sub-

jective probability functions or credence functions. In chapter 5, I develop

a very general account of fragmented Bayesianism. Moreover, in chapter 6,

I focus on another phenomenon that is closely related to, but distinct from,

1I give an argument for this in section 2.7.1.
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fragmentation: Imprecision. I will compare fragmented Bayesianism with

models of imprecise probabilities. The reason for why this is important and

relevant to this dissertation is that the formal details of both frameworks

are almost identical, at least strikingly similar. And the interpretations

of the formalisms exhibit interesting parallels and differences which are

deserving of a discussion that has not yet taken place in the literature.

At this point, one might ask – ok, justification is an important concept.

But why fragmentation? Why is the development of a fragmented account

of justification the topic of this dissertation?

I am fascinated by fragmented epistemology, because it makes it possible

to formulate models of epistemic attitudes that provide rationality norms

that are relaxed in comparison to orthodox epistemology while still being

demanding enough for those models to remain normatively significant, in-

stead of merely improving on descriptive accuracy. I find this fascinating,

since it allows us to think about a concept of justification and a notion of

rationality that is still normatively demanding, but remains “attainable”

for real agents. Measured by the norms of orthodox epistemology, all hu-

man agents are inevitably irrational. Contrary to this stands the intuition

that despite being fallible and making mistakes, there are real agents that

do reason in a rational way, even if their reasoning fails to adhere to the

rationality criteria orthodox epistemology imposes. Fragmentation is able

to capture this intuition, and fragmented justification will be able to shed

more light on it.

Lastly, before giving an overview over the structure of this dissertation,

let me explain why I am primarily interested in justification (and the justi-

fication of belief), and not a different epistemic attitude, such as, for exam-

ple, knowledge. Firstly, I subscribe to the so-called reasons-first paradigm2,

as opposed to the Williamsonian knowledge-first paradigm (T. Williamson,

2000). For the former, the primitive and foundational notion in epistemol-

ogy on which all other more complex notions build is the notion of a reason,

or a justification. Here, more complex notions that build on the notion of

2For an overview over the merits or this epistemological paradigm, cf. eg. Schmidt,
2020.
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a reason are the notion of belief, and even more demanding and complex,

the notion of knowledge. For the latter, the Williamsonian knowledge-first

paradigm, it is the opposite. Here, knowledge is the primitive epistemo-

logical notion and the other notions, such as belief and justified belief are

defined using knowledge as a primitive.

For reasons-first epistemology, knowledge is the most demanding con-

cept, in the sense that it has the most and most demanding epistemic con-

ditions that need to be satisfied in order for an agent to qualify as knowing

something. There are many different notions of (reasons-first) knowledge

proposed and discussed in the epistemological literature. Besides all of

them being very demanding for real agents to satisfy, they have another

thing in common. The vast majority of definitions of knowledge agree that

a necessary condition of knowledge is justified (true) belief, and then they

diverge in what else, beyond that, is needed for knowledge. Now, often,

in practice, both in everyday life and in science, justified belief (and not

necessarily knowledge) is already a really useful and fruitful concept, both

in epistemic terms, but also concerning practical rationality. I do not, of

course, deny that it is interesting and fruitful to try to define the concept

of knowledge. But justified belief, and justification in particular, is both a

necessary condition of many definitions of knowledge, but also useful in its

own right, independent of the notion of knowledge – which is why I focus

on this concept. The following chapter will shed more light on why I think

this is the case.

This dissertation will be structured as follows:

Chapter 2 provides an overview over and background to the literature

that is relevant for this dissertation, including justification, orthodox mod-

els of belief, fragmented epistemology, social choice and judgment aggre-

gation, Bayesianism and imprecise probabilities. At the end of chapter 2,

there will, furthermore, be a detailed overview over the kinds of contribu-

tions this dissertation makes to the literature in each of these fields.

Chapter 3 presents a new solution to the preface paradox (Makinson,

1965). It makes use of a fragmented account of justification, and thus, un-

like existing solutions, employs the central concept involved in the paradox

35



– justification. First, I will present the original paradox, and recall a promi-

nent family of solutions to it – solutions that make use of fragmentation

accounts of belief. I will argue that, while fragmented belief solutions go

in the right direction, what does the work in this paradox is not belief but

justification. I then present my account of fragmented justification. I show

how it solves the preface paradox in a novel way and I provide reasons for

why it is a good solution. The upshot of my account of fragmented justi-

fication will be that the justification relations that hold between pieces of

evidence and the propositions they justify are fragment-relative.

Chapter 4 further develops the account of fragmented account of justifi-

cation. The account is motivated via an example different from the preface

paradox – this time via an example from climate science. Within the IPCC

assessment report for climate change, an overall inconsistent set of seem-

ingly justified beliefs seems to be asserted. The main reason why this hap-

pens will be the extreme uncertainty involved in learning about complex

systems such as the climate. The chapter explains how the toolkit of or-

thodox epistemology is limited in and not suited for dealing with situations

like this, and argues that fragmentation is a more appropriate strategy than

existing approaches to deal with (seemingly rational) inconsistent doxas-

tic states. After presenting the example, the chapter gives a formalisation

of this example. The upshot of this formalisation is that justifications are

represented via non-monotonic fragment-indexed justification relations that

hold between propositions that need justification, and evidence. The chap-

ter explains why fragmentation is rationally warranted here, and develops

an explicit set of precautionary norms that should guide the fragmentation

process.

It, furthermore, argues that the account of fragmented justification de-

veloped here is compatible with fragmented belief, and how the account of

fragmented justification can serve as a novel argument for the rationality

of fragmented belief accounts developed in the literature.

And lastly, the chapter explains how sometimes, even though fragmen-

tation might be epistemically rational, de-fragmentation will become nec-

essary in light of practical rationality. It shows how de-fragmentation can
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work for epistemically rational fragmented agents, which is a novel discus-

sion within the literature on fragmentation.

Chapter 5 moves from a qualitative account of fragmented justification

to a probabilistic account thereof. It presents a very general version of a

fragmented account of Bayesianism as an epistemic theory of justification.

First, it recalls the central theses of orthodox Bayesianism, and provides

an overview over the notions of justification that can be formulated within

orthodox Bayesianism. It presents a very general account of fragmented

Bayesianism, and then provides a list of parameters along which the ac-

count can be made moderately or very fragmented, depending on which

and how many of those parameters one chooses to relativise to fragments.

It, furthermore, presents an argument for fragmented Bayesianism. I first

provide a very general argument for fragmentation, and the provide argu-

ments in favour of the fragmentation of each of the parameters. Lastly, the

chapter concludes by a brief comparison between the account of fragmented

Bayesianism developed here and the qualitative account of fragmented jus-

tification developed earlier.

Chapter 6 deals with how fragmented Bayesianism relates to the account

of imprecise Bayesianism. Imprecise Bayesianism, as opposed to orthodox

Bayesianism, aims to model agents who do not have enough information

to form precise credences. Under this account, an agent’s doxastic state is

allowed to be made up of not one but many different credence functions,

to model imprecision in the assignment of credences to propositions. Frag-

mentation, on the other hand, aims to represent agents with fragmented

doxastic states, where fragments are individuated via differences in the

agent’s epistemic and non-epistemic circumstances, such as differences in

accessible information, or different practical goals and decisions. The for-

mal model underlying this account is very similar to imprecise Bayesianism:

The agent’s doxastic state is represented via not one but many different cre-

dence functions.

The literature on fragmentation and imprecision do not comment on

the striking similarity between these two different accounts. This chapter

is devoted to presenting and comparing their similarities and differences.
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The upshot will be that the main difference lies in, first, the interpretation

of the formalisms, how these two accounts deal with questions of practical

rationality, as well as how they deal with new information entering the

doxastic state and updating on that new information.

The dissertation closes with a concluding section that will put focus on

the potential fruitful avenues for further work departing from what is being

developed here.
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Chapter 2

Background: Justification,

Fragmentation, Subjective

Probability, and Social Choice

This chapter is devoted to providing an overview over the existing litera-

ture on topics relevant to this dissertation, as well as how this dissertation

contributes to the literature on those topics.

I, first, give an overview over the concept of epistemic justification, its

treatment through the history of philosophy, as well as an overview over

the most prominent traditional contemporary accounts of epistemic justi-

fication.

Second, I introduce what I call the orthodox model of belief, that is,

roughly, the idea that belief should be unified; that an agent’s beliefs need

to be consistent and closed under logic for the agent to qualify as rational. I

comment on different possible interpretations of this orthodox model, and

give an overview over streams in the more recent literature that diverge

from the orthodox conception of belief in epistemology.

I, then, introduce fragmented epistemology as one particular way of di-

verging from epistemic orthodoxy, and more specifically, from the orthodox

model of belief. I explain the central ideas of fragmented epistemology,

provide an overview over motivations for fragmentation, delineate it from
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contextualism as a very closely related framework (which is a discussion

novel in the literature on fragmentation), and touch upon recent develop-

ments and remaining open questions in the fragmentation literature.

Since the following topics will be relevant for this dissertation, I also

provide brief introductions into social choice theory and judgment aggrega-

tion, Bayesian epistemology, and imprecise probabilities. In the last section

of this chapter, I go over what this dissertation will add to these respective

streams of literature.

2.1 Justification

This section provides an overview over the literature on the topic of epis-

temic justification. I will first give a brief historical overview showcasing

the central importance of the study of the concept of epistemic justification

to philosophy generally, and modern epistemology, logic, and philosophy of

science specifically. Then, I will delve deeper into the most prominent ac-

counts of epistemic justification present in the orthodox epistemological lit-

erature, namely evidentialist accounts, reliabilist accounts, hybrid accounts,

value property accounts, as well as contextualist accounts of justification.

2.1.1 Brief history

One can distinguish between different types of justification, and classify

them broadly into epistemic justification and non-epistemic justification.

This thesis will be concerned with epistemic justification – i.e. the sort of

thing that is supposed to render a belief more rational / likely to be true.

On the other hand, there are non-epistemic kinds of justification, ones

involving non-epistemic or value-laden concepts such as morality (“Am I

morally justified in doing/believing x / y / z?”). Those will not be the

subject of this thesis.

The concept of epistemic justification has been of interest throughout

the history of philosophy, and within contemporary analytic philosophy, is

a central topic in epistemology, epistemic logic, and philosophy of science.
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Within ancient and medieval philosophy, the concept of epistemic jus-

tification was discussed as so far as it was considered that one only had

“scientia” or knowledge that something is the case if one understood *why*

it is the case (cf. Swinburne, 2001). For example, in Meno, an early sem-

inal work in epistemology, Plato writes that true opinion / belief, taken

together with an explanation of that belief or opinion, is what constitutes

understanding or knowledge (cf. Sedley and Long, 1980). What Plato

does here, is to argue that true belief needs some kind of justification to

constitute as knowledge. This exemplifies that, since the beginning, the in-

terest in the concept of justification has been closely tied to (the study of)

other important epistemological concepts, such as belief, understanding,

and knowledge.

Within early modern philosophy, for example by Descartes, the concept

of knowledge was understood in a different way – knowledge was tied to

being infallible or absolutely certain (cf. Cottingham, Stoothoff, and Mur-

doch, 1984). And it was considered that, if one could not obtain knowledge

that was absolutely certain and infallible, the only thing one could have is

(justified) opinion or belief, but early modern philosophers were not very in-

terested in that concept (cf. Swinburne, 2001), as knowledge was perceived

to be the ultimate goal.

With the empiricist tradition, starting from the 17th and 18th centuries

(such as for Hume), things changed. The idea that knowledge should be in-

fallible was not supported anymore. The interest shifted from the concept

of knowledge to the concept of belief, and empiricists thought that most

beliefs are fallible / open to the possibility of error (Swinburne, 2001). If

anything can be known, according to empiricists, it is the principles of logic

and immediate sense data. Hume formulated the problem of induction on

the basis of which it is easy to see how empiricists would reject the possi-

bility of infallible knowledge. The problem of induction is about how one

can justify an inference from singular statements to a universal statement

(i.e. a hypothesis or theory). The problem is that there is no deductively

valid inference from the fact that, for example, all (yet) observed ravens

have been black, to the hypothesis: “All ravens are black”. According to
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the early modern conception of knowledge, an inductively generated state-

ment, like the one about all ravens, would not classify as knowledge, since

it cannot be deduced, and therefore cannot be known with certainty.

The problem that follows from this is that, if not this, then what can

classify as knowledge? Not much, as in very many sciences and everyday

circumstances, inferences with this inductive gap have to be made and

are being made. Instead of the concept of knowledge, since knowledge can

hardly ever be obtained, empiricists were more concerned with the notion of

a justified belief, the concept of justification became important and required

explicit analysis.

This leads me to discuss the concept of justification within the more

contemporary analytic philosophy tradition.

2.1.2 Justification in contemp. analytic philosophy

It has been and still is one of the central goals of philosophy and epistemol-

ogy of science to shed light on the concept of justification. One example of

an account of justification within the philosophy of science literature is the

hypothetical-deductive (H-D) model. According to that model, scientists

(should1) develop a scientific hypothesis, and logically deduce testable em-

pirical predictions from it. They then perform tests to see whether those

predictions are true or false, which then either justifies or justifies to reject

the hypothesis (this was endorsed eg. by Hempel, 1966 and Reichenbach,

cf. Okasha and Thébault, 2020). This idea of justification is based on a

generally deductive framework.

Very contrarily to this, Popper (1934) defended his famous falsification-

ism, where he argues that a scientific hypothesis can never be confirmed

by data points, but only ever falsified. He thereby deemed the concept of

the justification of a scientific hypothesis irrelevant – the only thing that

counts is that whether the hypothesis has been defeated or not, and noth-

ing else, specifically not whether a hypothesis or theory is justified, or true,

1This “small” word indicates a big philosophical discussion about whether models of
justification should be descriptive or normative. I will delve deeper into this topic a bit
later, especially when I talk about the orthodox model of belief.

42



or constitutes knowledge.

And then there is the Bayesianism as a theory of epistemic justification.

Contrarily to the HD Model, and falsificationism, Bayesianism is an induc-

tive theory of justification. This means, that it is not governed by deductive

logical laws, but by the laws of probability. According to Bayesianism, the

justification of a scientific hypothesis is explicated in terms of the degree

of subjective probability an agent has in that hypothesis, where subjective

probability is governed by two central tenets of Bayesianism – the Kol-

mogorov axioms of probability, and a conditionalisation tenet which tells

us how to update our subjective probability in light of new evidence (Lin,

2024) (more on this in a bit). Within contemporary philosophy of science,

Bayesianism is the most prominent account of justification.

Now, after having given a brief insight into the role justification plays

within philosophy of science, let me show the role it plays in general con-

temporary epistemology and in logic2.

I have presented how throughout history, different conceptions of the

concept of knowledge have been defended. In the 20th century, a canonical

definition of knowledge emerged within epistemology – the so-called “Jus-

tified True Belief” conception of knowledge. According to that definition,

knowledge can be defined in terms of its constituents, a true belief that is

also justified. The job of the concept of justification is to serve the role of a

necessary condition for knowledge. This seminal conception of knowledge

also showcases one of two main directions within contemporary epistemol-

ogy – reasons-first epistemology. According to this direction, terms like

belief and knowledge are complex and need to be defined in terms of other

concepts that are conceptually prior and constitutive of those more com-

plex concepts, such as reasons / justification (Schroeder, 2021). This dis-

sertation is based on a reasons-first conception of epistemology, where the

concept of justification is fundamental for definition more complex con-

cepts, like belief and knowledge. Opposed to this is the Williamsonian

knowledge-first epistemology, where knowledge, instead of justification is

2Though it is hard to sharply separate these discussions from each other. because
they are closely intertwined.
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taken as a primitive (T. Williamson, 2000) which will not be the focus of

this dissertation3.

As a response to the “Justified True Belief” definition of knowledge, Get-

tier (1963) published a short chapter where he develops counterexamples

to that definition of knowledge. This article has sparked a whole industry

of cooking up new definitions of knowledge and coming up with counterex-

amples to them.

But wait?! So far, the talk has mainly been of a definition of knowledge.

What does this have to do with justification? Justification is being and has

often been studied within its role as a necessary condition for definitions

of knowledge. But justification is also being studied independently of the

concept of knowledge, within philosophy of science, orthodox epistemol-

ogy, and logic. And, I think, that concepts like justification (and belief)

are especially worth studying, because they are (or can be) normatively de-

manding philosophical concepts without being so demanding, as knowledge

often seems, that they are practically unattainable for real life agents. The

concept of justification is being studied in epistemology, but also in logic,

where logical systems are being created to formally represent the concept of

justification (Artemov, Fitting, and Studer, 2024). This thesis will provide

not a logic of justification, but an epistemological theory of justification

that is formal in the sense that it uses formal tools to make the account

more precise, but is not a logic.

Before developing a new account of justification, it is important to pro-

vide an overview over the common accounts of justification already present

in the epistemological literature4.

3For some arguments for why reasons-first epistemology might be superior to
knowledge-first epistemology, refer to Gerken (2018) or Schmidt (2020).

4Since my thesis is within the field of epistemology, I focus on accounts of justifica-
tion from orthodox epistemology strictly, and do not elaborate further on accounts of
justification from philosophy of science or logic (with the exception of Bayesianism).
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2.1.3 Traditional accounts of justification

I now present an overview over existing accounts of justification in the

epistemological literature.

All of the accounts I will present are predominantly synchronic accounts

of justification. This means that they are predominantly concerned with

“what it is for a belief to constitute a justified response to the [epistemic]

situation in which the believer finds herself at a given time” (Swinburne,

2001, p. 1f.). They are not diachronic accounts that would focus on what

it means for a belief to be justified through time, how justification might

be revised in light of new information, and in dynamic settings5.

Before presenting the different accounts, it will be useful to present some

concepts that will help to classify and distinguish them better.

First, the literature on justification distinguishes between internalism

and externalism about justification (cf. eg. Swinburne, 2001, Fumerton,

2002, Steup and Neta, 2020)6. Broadly speaking, internalism about justifi-

cation captures the idea that what is relevant to determine justification is

entirely internal (i.e. amounts to mental states or experiences). This means

that one analyses the concept of justification in terms of factors internally

accessible to an agent, for example in terms of other (types of) beliefs of

the agent.

On the other hand, externalist theories of justification analyse justifica-

tion in terms of factors which might be mentally inaccessible by an agent,

such as whether a belief is produced via a reliable external process (more

on this in a bit). The account of justification that will be developed in this

dissertation will be internalist.

Moreover, another relevant distinction within the taxonomy of theories

of justification is that between foundationalism and coherentism about jus-

tification. Foundationalism about justification is the view that justified

5The latter chapters on fragmented Bayesianism in this dissertation do talk about
some dynamic aspects of justification. But this is not the focus of this dissertation, and
would be a potentially fruitful future research avenue.

6This distinction does not only play a role concerning accounts of justification, but
is also relevant in other areas of philosophy, such as philosophy of mind.

45



beliefs / the justification of belief is structured like a building; they are

divided into a foundation (consisting of basic beliefs which are not justi-

fied by any other beliefs) and a superstructure (consisting of non-basic /

inferentially justified beliefs). The main objections to foundationalism are,

first, the denial of the existence of basic statements, and second, the claim

that, even if basic statements exist, they are too weak of a basis to justify

all the other statements in the superstructure (cf. Annis, 1978). Of course,

one might ask many further questions here, which are discussed within the

literature about foundationalism, such as: “What should / does an account

of basic belief look like?”, or “What is / should be the logical relationship

between the base and the superstructure?” Answering those questions is

not part of the focus of this dissertation.

Coherentism about justification, as opposed to foundationalism, is the

view according to which justified belief is structured like a web, and the

justification of belief should be understood in terms of the way in which the

proposition of interest coheres with other propositions (either by the same

agent or by a community of agents). Again, there a many open issues. For

example, it is prima facie not entirely clear how the concept of coherence

should be spelled out precisely. Consistency, for example, is sometimes

argued to be too weak of a criterion, since the web of beliefs entertained

by an agent could have nothing to do with each other in terms of the

content of the propositions, but nevertheless be consistent. This would

seem insufficient, because why should a proposition about arithmetic be

justified via it being consistent (i.e. non-contradictory) with a proposition

about football? This example shows that, intuitively, mere consistency

with other beliefs seems insufficient to justify any given belief7.

7Foley (1979) even argues that consistency might, in fact, not be a necessary con-
dition for justified belief because of Lottery-type situations (for an overview, cf. i.e.
Hawthorne, 2003): Imagine a Lottery with 1000 tickets. Each person buying a ticket
might be justified in believing that they lose. However, at the same time, each person
might also be justified in believing that there is a winning ticket. But, by closure under
conjunction, each person’s justified belief that they will not win taken together is incon-
sistent with the justified belief that there is a winning ticket. The two obvious solutions
to this paradox are to either give up closure under conjunction or to admit that justified
beliefs do not have to be consistent with each other, and thereby deny consistency as
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The account of justification developed in the first qualitative part of this

dissertation will be compatible with both, a version of foundationalism as

well as a version of coherentism about justification. It will be compati-

ble with foundationalism, because one will be able to perceive the account

developed here as allowing that there will be more “fundamental” propo-

sitions called pieces of evidence that can play the role of standing in a

justifying relation to another, less “fundamental” proposition in need of

justification.

The account will also compatible with a kind of local coherentism. It

will not be the agent’s global belief state that needs to be coherent, but

instead, fragmented justification will require a kind of “local” coherence.

It will become clear throughout the dissertation what this means exactly.

Evidentialism

Evidentialism is often thought of as the default or common sense account

of justification. The idea is that justification is to be spelled out in terms

of having good reason for a belief.

There being many different options for precisely spelling out this ac-

count, a standard formulation of evidentialism can be found in Conee

(2004):

“Doxastic attitude D toward proposition P is epistemically justified for S

at time t if and only if having D toward P fits the evidence S has at t.”

Traditionally, evidentialism has been conceived as an internalist account

of justification, but this view has been increasingly challenged, with argu-

ments that evidentialism is also compatible with externalism, following a

development in the conception of evidence (from private to public and ob-

jective) (cf. Kelly, 2016).

Furthermore, evidentialism has been argued to fit more naturally into

a coherentist picture about the structure of justification, since coherentism

a necessary condition for justified belief. Note that Leitgeb (2017) provides a solution
to this paradox, where, due to a contextualist argument, neither consistency nor closure
under conjunction must be given up.

47



allows for evidential support for all of one’s justified beliefs, whereas foun-

dationalism requires some beliefs to be justified simpliciter (i.e. justified

without requiring any further evidence as justification). However, eviden-

tialism might also be compatible with foundationalism, if one allows the

pieces of evidence in the base structure that support a belief in the su-

perstructure to qualify as beliefs themselves, and interprets the difference

between beliefs in the base and the superstructure as being supported by

different types of evidence.

The account of justification developed in the first qualitative part of this

dissertation will be broadly evidentialist, though not purely. Evidence will

play an important role in whether a proposition is justified. But, what will

be even more important is the *relation* in which that evidence stands

towards the proposition in question. Within an evidentialist account of

justification, it is important to properly spell out the concept of evidence,

since it is the main concept involved in defining justification. Within my

account, evidence will be modelled via propositions (i.e. sets of possible

worlds; more on this shortly).

One problem with evidentialism is that having evidence in support of a

believed proposition is a necessary but insufficient condition for that belief

to qualify as justified. This is because not all evidence is equal. Evidence

might be untrustworthy, i.e. because it comes from an unreliable source,

and therefore be unable to render a belief justified. For example, evidence

coming from an unreliable / biased / (government-)controlled news channel

might not be the best basis for a justified belief. This is a deficit that the

next account of justification aims to tackle – reliabilism.

Reliabilism

Another prominent account of justification is reliabilism - of which one of

the most cited versions was developed by Goldman (see eg. Goldman, 1979)

and is called process reliabilism. According to process reliabilism, whether

a belief is justified depends on the “reliability of the process(es) that cause

it, where reliability consists in the tendency of a process to produce beliefs
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that are true rather than false” (Goldman, 2012, Ch.2). But how reliable

must a process be in order to justify the beliefs it brings about? Perfect

reliability seems too high of a standard, since, intuitively, belief formation

processes which do err but do so very rarely can still confer justification.

On the other hand, the required degree of reliability should not be too

low, either. If it were less than 0.5, them it would err more often than

not, and such a process could hardly confer justification. Therefore, the

required degree of reliability should lie somewhere between 0.5 and 1. Any

further general specification of the exact level seems ad-hoc, and it has

been argued that the precise level of justification required for a process to

confer justification is context-dependent (Steup and Neta, 2020).

Reliabilism is perceived as an externalist theory, since what is important,

here, is whether a belief is likely to be true given a certain belief-formation

process, and moreover, since processes are not necessarily internal mental

states.

Process reliabilism faces a number of issues, such as, among others, the

Clairvoyance Problem, the Generality Problem or the Problem of Defeat.

A majority of the issues reliabilism faces, including the three ones just

explicitly referred to, are due to a lack of the core evidentialist intuition

within the reliabilist theory of justification. To keep things concise, I will

exemplify this using the Clairvoyance Problem. This problem, first formu-

lated by Bonjour (1980) asks one to imagine a clairvoyant called Norman

who has a perfectly reliable clairvoyance faculty. But, he has no evidence

or reason for or against the general possibility of such a power, or for or

against his possessing such a power. One day, his clairvoyance faculty gen-

erates the belief that the US president is currently in NYC. But there is

no evidence for or against this belief. BonJour argues that, intuitively, his

belief is not justified, since it lacks being based on some kind of evidence or

reason, but according to reliabilism, the belief would be perfectly justified.
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Hybrid accounts

Evidentialism and reliabilism have often been viewed as incompatible ri-

vals, one theory being an internalist and the other an externalist one. But,

evidentialism has increasingly been argued to be compatible with external-

ism (see eg. T. Williamson, 2000, Bergmann, 2018). Furthermore, each

position seems to fall short of capturing an intuition about the concept of

justification that its rival is able to capture. Recently, quite a few philoso-

phers, such as Comesaña (2010), Goldman (2011), Goldberg (2018), E.

Miller (2019), Pettigrew (2021), have proposed hybrid accounts of the two

and argued for their compatibility. All of these hybrid accounts share the

same idea: The definition of justified belief has two necessary and jointly

sufficient conditions, a reliabilist and an evidentialist one.

To give an example of one such hybrid account, I choose Goldman

(2011)’s formulation of a hybrid view, which is called the “Two-Component

Hybrid View”: Agent S’s belief that P is justified if and only if both:

1. S’s total evidence at time t supports believing P , and

2. S’s belief that P is the result of a reliable belief-forming process

The account developed in the first qualitative part of this dissertation

could be viewed as a hybrid account, as it will rely on evidence as a neces-

sary condition for justification, but also will require that evidence to stand

in a valid justification relation towards the proposition in need of justifica-

tion in question. A relation is not a process, but similar to hybrid views,

my account will require a valid relation between evidence and proposition

to be justified, in addition to mere evidence.

Value property accounts

Another prominent set of accounts of justification can be called “value-

property” accounts. According to such accounts, a proposition is more or

less justified, and it is not specified what entity a justification amounts to.

This group of accounts can also be called quantitative or probabilistic, as
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opposed to the accounts presented above, which are all qualitative accounts

of justification. Here, what exactly justification “is”, is left covert, and a

proposition gets assigned a justification value, similar to a truth value.

The values can be zero and one, for “justified” and “not justified”, but

they can also cover the real interval between zero and one, as it is the case

in Bayesian epistemology (Lin, 2024).

For example, in her paper on justified group belief, Lackey (2016) uses

such an account. A very prominent value property account of justifica-

tion is the Lockean account of justified belief (Foley, 2009, Leitgeb, 2017).

According to the Lockean account of justified belief, a belief is justified

(simpliciter) if the doxastic agent has a sufficiently high degree of belief in

that proposition. A threshold determines whether the degree of belief in

a certain proposition is high enough to qualify as a justified belief (sim-

pliciter), or not. Often, the factor determining the value of this threshold

is coined “context”, rendering the justification of belief a context-sensitive

notion. This Lockean account account is a value property account, because

it masks what kind of information the doxastic agent needs to possess and

collect in order to reach a degree of belief higher than the Lockean threshold,

and thus in order to render her belief in a certain proposition justified. It is

not explicitly spelled out in these accounts whether what boosts the agent’s

degree of belief, and eventually lifts it over the threshold is (propositional)

evidence, a reliable belief formation process or something else. Instead,

what does the work here is probabilistic Bayesian machinery. I will explain

more about Bayesianism in section 2.5 of this chapter, as well as the 5th

and 6th chapter of this dissertation, since they will deal with a fragmented

account of Bayesianism, and thus deal with a fragmented version of value

property account of justification.

Contextualist accounts

Then, there are contextualist accounts of justification. Conceptually, they

are on a different level from the accounts presented so far, because each,

evidentialism, reliabilism, hybrid accounts, or value property accounts can
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be – hypothetically8 – combined with a contextualist understanding of jus-

tification.

Furthermore, it is important to present contextualist accounts of justi-

fication, because contextualism and fragmentation are closely related, and

it is therefore necessary to make explicit how existing accounts of contex-

tualist justification differ from the new account of fragmented justification

I am developing in this dissertation.

First, let me draw a distinction between two types of contextualism,

(proper) semantic contextualism, as opposed to a non-semantic contextu-

alism. This distinction is important, because existing accounts of contex-

tualist accounts of justification are of the first kind, whereas fragmentation

is more closely related to (but not identical to) the second kind. The first,

proper, notion of contextualism is semantic; according to it, the content of

the concept in question, such as justification, changes from context to con-

text. Here, the mental state of the agent that is reasoning in question does

not have to change – what changes, here, is the content of the concept, but

not necessarily the mental state of the reasoner. This kind of contextual-

ism is often described in terms of taking the perspective of belief ascription

/ attribution. The choice of content / truth conditions of a concept like

justification, here, depends not on the mental state of the reasoner, but on

features of the situation in which the belief is ascribed (cf. Leitgeb, 2017).

The second non-semantic notion is different; here the content of the con-

cept of justification does not change from context to context, but remains

fixed. Rather, what changes is the agent’s non-epistemic and epistemic cir-

cumstances (such as their stakes, perspective, doxastic state,...), and there-

fore the truth value of a proposition containing the concept in question

might change in different contexts, without the truth conditions / content

of the concept changing. Here, the perspective is not that of someone who

8Annis (1978) is the first to develop a contextualist account of justifiation. Annis
presents his account as an alternative to existing foundationalist and coherentist ac-
counts, but the account is not per se incompatible with either evidentalism, reliabilist,
hybrid accounts, or value property accounts, but adds a contextualist dimension to them.
Annis intends contextualism to be another variant of possible type of justification – an
account of justification can be foundationalist, coherentist, or contextualist.
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ascribes or attributes for example a belief or justification to someone else.

Rather, the perspective in question is the mental state of the agent under

consideration – whether or not an agent will have justification will depend

not on an external ascriber, but on the epistemic and non-epistemic aspects

of the mental state of the agent themselves. It, thereby, is an internalist

notion of contextualism.

This second type of contextualism will be important, because it is very

closely related to fragmented epistemology. This type of contextualism

(and variants of it) has received different names in the literature, Leitgeb

(2017) calls it non-semantic contextualism, Hawthorne (2003) calls it sen-

sitive moderate invariantism, Stanley (2005) calls it interest-relative invari-

antism. It is also often found in connection with the literature on pragmatic

encroachment (Fantl and McGrath, 2009)9. Pragmatic encroachment is the

idea that unlike epistemic orthodoxy prescribes, the pragmatic realm does

(and maybe should) encroach on the epistemic realm. According to ortho-

dox epistemology, what counts as knowledge, belief or justification solely

depends on epistemic factors. Non-epistemic, i.e. practical, moral or other

contextual factors ought not influence what counts as knowledge, belief

or justification. And this is exactly what non-semantic contextualism and

pragmatic encroachment argue against. Practical factors within a context,

such as stakes, perspective, interest, but also epistemic factors within a

context, such as the doxastic state of the agent, their background knowl-

edge etc., can influence what counts as knowledge, belief or justification in

a certain context, according to those accounts.

After giving an overview over these two distinct types of contextualism,

let me now go on to present the seminal account of contextualist justifica-

tion (more precisely, justified belief). I will show how this account is of the

first type of contextualism just explained – semantic contextualism, instead

of the non-semantic kind that will be closely tied to fragmentation.

A contextualist account of justified belief has first been developed by

Annis (1978), with further developments and variations by S. Cohen (1999),

9Cf. also Thomason (1986), Nozick (1994), Bratman (1999), Thomason (2001) and
Cresto (2010).
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and Wedgwood (2008) (cf. Rysiew, 2021). Note that strictly speaking,

those are contextualist accounts of justified belief and or knowledge, and

not the concept of justification in isolation. Unlike these, my account of

fragmented justification will provide an account of justification within the

broadly contextualist spirit that it strictly about justification, and not belief

and / or knowledge.

Annis presents his contextualist theory of justification as a superior al-

ternative to the existing types of accounts of justification; foundationalism

and coherentism. According to Annis, what is missing from both foun-

dationalist and coherentist accounts of justification is the fact that justi-

fication has an important social component. According to Annis’ contex-

tualist account, an agent is justified in believing a proposition P only if,

relative to the issue context which determines the level of understanding

and knowledge required, and an appropriate objector group, the agent can

satisfactorily meet objections of that objector group. The objections have

to express a “real doubt”, and the objector group has to consist of “critical

truth seekers”. “Social information – the beliefs, information and theories

of others play an important part in justification, for it in part determines

what objection will be raised, how a person will respond to them, and what

responses the objectors will accept” (cf. Annis, 1978, p. 215).

This account is contextualist in the sense that, in different issue con-

texts and depending on the topic under consideration, the relevant objec-

tor group will be different, the relevant objections might be different, and

the way the agent has to respond to them will be different. Imagine the

proposition in question being about a the causes of a rare type of cancer.

Depending on the context of issue, the kind of justification the agent has

to put forward to defend that proposition will be very different, according

to Annis’ theory. Imagine one issue context to be a primary school, and

another issue context to be a board of medical experts on rare types of can-

cer. Depending on the issue context, the appropriate objector groups will

be different, according to Annis. In the first issue context, the appropriate

objector group will be other primary school teachers, maybe even primary

school children. In the second issue context, the appropriate objector group
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will be medical experts and researchers on rare types of cancers. One can

easily imagine how the types of questions asked and objections raised in

the different context will be very different. Depending on the issue context,

the topic, the relevant objector group and their demands, what will count

as an appropriate justification will differ vastly.

Let me explain how this theory of contextualism is of the first of the two

kinds presented earlier. What determines whether an agent is justified or

not in believing a proposition is not (primarily) the agent themselves, but

instead, it is the objector group and whether they deem the agent to ap-

propriately respond to the objections and challenges they brought forward.

Hence, this is a kind of attributer contextualism (that is, semantic con-

textualism) and not reasoner / non-semantic contextualism. The objector

group as an objective, context-dependent social standard decides whether

or not the agent in question is actually justified in believing a proposition

or not. This type of contextualism is semantic; the content of the concept

of justification changes depending on the context. The type, number and

quality of reasons an agent has to put forward to appropriately justify a

proposition vastly depends on the context, the topic and the objector group.

It is not just the truth value of a justification statement that changes from

context to context (which would amount to non-semantic contextualism),

but rather what constitutes the concept of justification can fundamentally

change from context to context.

While this type of contextualism is interesting, what is lacking from

the literature is a contextualist account of justification in the second non-

semantic sense, where the content of the concept remains invariant across

contexts, but rather, where, what changes is the epistemic and non-epistemic

circumstances of the reasoner themselves. Fragmented justification will be

a version of such an account. Of course, one might immediately ask, what

the difference between a non-semantic contextualist account of a doxastic

attitude versus a fragmented account of that attitude is. This is an im-

portant question I will answer in section 2.3.5 of this chapter, after having

introduced fragmented epistemology.

Fragmented epistemology has come about as a response to the concep-
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tion or model of belief within orthodox epistemology which I will talk about

now.

2.2 The orthodox model of belief

The orthodox model of agents’ belief states is often described using the

metaphor of a web (cf. Bendaña and Mandelbaum, 2021) or map (Ramsey,

1931). Characteristic for this orthodox conception of agents’ belief states

and their rationality is that they should be unified in some way. Bendaña

and Mandelbaum (2021) describe this need for unity of the state by using

a web metaphor. For an agent to be rational, their doxastic state should

be interconnected in one big web-like network, where the entire web guides

reasoning and action. In similar spirit, much earlier, Ramsey (1931) de-

scribes belief as the “map by which we steer”. This map needs to satisfy

certain rationality criteria to be able to sensibly guide reasoning and ac-

tion. Kindermann and Onofri (2021) summarise that “much of epistemic

logic, Bayesian accounts of belief, decision theory and some influential views

about rationality proceed from the underlying view that the mind – at least

doxastic states – is unified”. They describe the requirement of unity as a

conjunction of two theses about agents’ doxastic states. (Rational) agents

need to have a unified mental representation of the world (at a specific time

t10), that is, a single belief state (at t) that is organised by two principles

(cf. eg. Quine, 1951, Cherniak, 1983, Fodor, 1983):

1) Consistency: The total set of an agent’s beliefs (at t) is consistent.

2) Closure: The total set of an agent’s beliefs (at t) is logically closed.

That is, an agent believes all logical consequences of their beliefs.

This means, for example, that even beliefs that seem “deeply unrelated

would count as connected to each other through consistency” (Bendaña and

Mandelbaum, 2021), such as, for example, beliefs about cats and beliefs

10Recall that I am focusing on synchronic justification in this dissertation, as opposed
to diachronic justification.
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about mathematics. Furthermore, if all beliefs are connected with each

other like this, new information that affects the status of one single belief

within that unified structure can have consequences for the entire structure

(this feature is sometimes referred to as the Quinean nature of belief; cf.

Fodor, 1983).

Slightly more detailed than Kindermann and Onofri (2021)’s summary,

Bendaña and Mandelbaum (2021) summarise the orthodox model of belief

as the conjunction of the following theses:

1) Unity: Beliefs are stored in one single database.

2) Quineanism: Belief revision is sensitive to global properties of an

agent’s total set of beliefs.

3) Consistency: When any of an agent’s beliefs change, all other beliefs

adjust to remain consistent with the modification.

4) Uniqueness: Belief storage does not contain redundant token repre-

sentations.

5) Conservatism: The more revisions a belief change would require, the

less likely it will be that that change will occur.

Unity is defined in a different way here than above. Here, it simply states

that beliefs are structured as one big web or map, not multiple different

ones. The consistency requirement is pulled apart from the unity require-

ment in this way of formulating the orthodox model of belief. Quineanism

amounts to the thesis already mentioned that whenever an agent acquires

new information, the belief revision process that happens to accommodate

this new piece of information happens on the global doxastic state of the

agent. Consistency is clear and similar to the consistency requirement

stated above. Uniqueness and Conservatism are new. I will briefly ex-

plain them, but they are not part of the primary focus for this dissertation.

Uniqueness is the thesis that each belief may only be represented once in

a doxastic state. This means that the proposition P expressing the belief
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that the earth is round may only be stored / represented once in an agent’s

belief state, not multiple times, i.e. redundant token representations of a

belief type are not allowed. The last item on this list – conservativism – has

a different flavour than the previous ones. Theses 1) to 4) are have a nor-

mative flavour, but conservativism seems to aim to descriptively capture a

fact about the psychological reality of belief states of agents. Bendaña and

Mandelbaum (2021) argue that because of conservativism and consistency,

“people will be less likely to revise beliefs about logical or mathematical

truths than beliefs about nearly anything else. This is because changing

logical and mathematical beliefs entails a potentially infinite number of

changes to the web” (p. 80). This seems more of a descriptive or prag-

matic / ecological thesis than a normative one. Within the psychology of

agents’ beliefs, some beliefs are more tightly held onto than others, and

those that are held most tightly onto are those that would require the most

work to get rid of via the belief revision process.

This hints at a very important discussion to be had about the orthodox

model of belief – is it intended to be a normative guide for the rationality of

agents or is it intended to be a descriptive account of (real or ideal) agents?

There are at least three ways the orthodox model of belief could be

interpreted, as a descriptive model of real agents, as a descriptive model of

ideal agents, or as a normative guide for the rationality of real agents.

The orthodox model of belief would be a very bad descriptive model of

the psychological reality of real agents’ doxastic states. There is plenty of

empirical evidence that provide counterarguments against the web model

being an accurate representation of how real agents reason (cf. Porot and

Mandelbaum, 2020, Bendaña and Mandelbaum, 2021). Actually, this ev-

idence that I will provide an overview over shortly, strongly supports a

fragmentation model of belief. Real agents do not and cannot live up to

the strong requirements that the orthodox model if belief imposes. Their

beliefs contain inconsistencies, redundancies, and they are not closed under

logic, because real agents are not logically omniscient, but highly fallible

and limited. In the literature, this is called the problem of logical omni-
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science11. Understood as a descriptive picture of real, limited, and fallible

agents, this orthodox model of belief is highly inadequate. It would greatly

miss its goal of representing real agents’ doxastic states if understood like

this.

However, one might argue that it is in the nature of the orthodox model

being a model that it is impossible for it to be fully descriptively adequate

representation of the psychological reality of agents. One might argue that

it, in fact, does not have to be fully descriptively adequate: It is in the

very nature of a (scientific) model that certain aspects of reality have to

be idealised away, otherwise it would not be a model. There is plenty of

research in the philosophy of science literature on the topic of models (in

science), what they are, what they represent and how they represent, how

they explain and how they use idealisations to achieve modelling goals (cf.

eg. Bokulich, 2011, Frigg and Nguyen, 2019, Frigg and Nguyen, 2021, Frigg

and Hartmann, 2024).

Models, in order to serve their purpose of explaining, predicting, foster-

ing understanding and so on, have to idealise and distort some aspects of

their target system, for various reasons, such as simplicity, computational

tractability, but also because some aspects of the target system might be

irrelevant for studying a particular phenomenon within that system (Aris-

totelian idealisations), or because the distortion might not be faithful to

reality of the target system, but might still be useful in the sense that

one can understand the idealised model as the ideal limit of the real sys-

tem (Galileian idealisations). One might argue that the way to understand

the orthodox model of belief is by appreciating that it involves significant

idealisations with regards to the reasoning abilities of real agents.

In fact, the orthodox model is often conceived to be a descriptive the-

ory of idealised agents with perfect rationality (cf. Stalnaker, 1991). The

problem with this interpretation of the orthodox model is how useful such

a descriptive theory of ideally rational agents is. Often in the literature,

this theory is intended to describe idealised versions of real agents. This

11Cf. eg. Stalnaker (1991) for a presentation of the problem of logical omniscience.
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is supposed to still be informative about real agents by providing a model

describing the ideal limit of real agent’s doxastic states. Kindermann and

Onofri (2021) summarise that it is an open question “whether real agents

are similar enough to these idealised agents for the theory to have any use

in the explanation of real agents’ doxastic attitudes”.

Of course, still, a proponent of this reading of the orthodox model of

belief might argue that it is useful and interesting in its own right to study

rationality criteria for ideal agents that real agents might never be able to

fulfil. However, because of the motivation of the project of dissertation I

laid out previously, I am interested in the application of epistemological

theories to real agents, by understanding those theories as a normative

guide for the rationality of real agents, which is the third possible reading

of the orthodox model of belief.

The third option to understand the orthodox model is as a normative

guide for the rationality of real agents. This avoids the problem of lack-

ing descriptive adequacy of the model, because, understood normatively,

descriptive adequacy is no longer one of the goals of this model. But this

third understanding of the model is problematic for its own reasons. If un-

derstood this way, it provides standards of rationality that are unattainable

by real agents. Real agents, even the most epistemically able ones, such

as scientific experts, will fall short of the demands posed by the orthodox

model. No belief system by a real agent is closed under logic; real agents,

even if highly epistemically able, are limited and fallible.

There are two possible viewpoints one can take in regard to this. One

can argue that this is not a problem, since the model is a normative guide

that does not necessarily have to be achieved by real agents. But the second

possible viewpoint is that, then, no real agent would ever count as rational

relative to the standard imposed by the orthodox model. This could be

problematic, because, intuitively, there are many real agents whose belief

systems seem rational although they do not adhere to the strict standards

imposed by the orthodox model. Because no real agent can adhere to the

standards set by this model, the standards of rationality postulated by this

model might be too strong to be useful in deciding, in practice, which agents
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are rational and which ones are not. No real agent would classify as rational

according to the normative reading of this model, which seems very strong,

given that, intuitively (and this intuition is not captured by the orthodox

model), it seems that many agent exhibit some kind of rationality although

they fail to adhere to the norms postulated by the orthodox model of belief.

Again, one can argue against this position, by saying that it is not the

goal of a normative account of rationality to allow for real agents to actually

count as rational. But the kind of epistemology that I am most fascinated

by is epistemology which aims to be a normative guide for real agents but

without the concept in question – such as rational belief – being completely

unattainable in real life.

Not surprisingly, it is not only me who is interested in this kind of epis-

temology. There are many different approaches of weakening the orthodox

model of belief understood as a normative guide for the rationality of real

agents, to be demanding enough to be normatively significant, but “weak”

enough to allow for real agents to actually attain this standard. I will now

give an overview over such approaches, before zooming in on fragmentation

as one particular such approach.

Some authors challenge the consistency requirement on rational belief,

and propose weaker notions to use instead of it. For example, Fitelson and

Easwaran (2015) introduce a notion called non-dominance which is strictly

weaker than consistency to replace the consistency norm . But, from the

two requirements posited in “Unity” above, consistency is the more chal-

lenging one to let go of, since it is often conceived to be a minimal require-

ment on rationality or rational belief (cf. Davidson, 1973, Davidson, 1982a,

Davidson, 1982b, Kolodny, 2008, Fitelson and Easwaran, 2015). Instead,

more authors choose to give up or weaken closure under logic, a requirement

which brings about the problem of logical omniscience (Stalnaker, 1991).

Alternatively, one can give up the framework of classical logic for rational

belief altogether and move to non-classical logic approaches, eg. by drop-

ping monotonicity, closure, or the consistency requirement (cf. Artemov,

Fitting, and Studer, 2024, Strasser and Antonelli, 2024).

Recent examples of responses to the problem of logical omniscience are
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(but by no means limited to) Bjerring, 2013, Smithies (2015), Skovgaard-

Olsen (2017), Dogramaci (2018), Skipper and Bjerring (2019), and Hawke,

Özgün, and Berto (2020). Savage (1967) introduces the problem of logical

omniscience for credence, responses / solutions include De Finetti (1970),

Good (1983), Schervish, Seidenfeld, and Kadane (2002), and Konek (2022).

Recent work in epistemology surrounding formulating (normative) the-

ories for less than perfectly rational agents includes (but is by no means

limited to) Gigerenzer (2006), Fantl and McGrath (2009), Icard (2018),

Staffel (2018), Dorst (2019), Douven (2020), Dorst and Mandelkern (2021),

Barrett (2022), Dorst (2022), Greco (2023), and Thorstad (2024). I am

deliberately omitting citing the research paths on contextualism and frag-

mentation here, as I will turn to these in the next section.

Similar trends can also be recorded within the social epistemology (for

an introduction cf. O’Connor, Goldberg, and Goldman, 2024, Goldman,

2005) and agent based modelling literature. One of the central goals of

social epistemology is, contrary to orthodox epistemology, to study “how

people can best pursue the truth with the help, or sometimes in the face of,

other people or relevant social practices and institutions” (O’Connor, Gold-

berg, and Goldman, 2024). It is concerned with how individual agents can

acquire things like justified belief and knowledge in a social, cultural and

institutional context. Furthermore, it is also concerned with the applica-

tion of central questions in orthodox epistemology to groups and collective

agents. Central for pursuits like this is to diverge from the strong norma-

tive ideal that orthodox epistemology imposes, and accept that social and

cultural factors, and things like biases and the like, can and do influence

the pursuit of justified belief. But, the aim is not to be fully descriptive

here either, but to accept that certain (potentially non-ideal) factors in-

fluence epistemological pursuits for individuals and groups, and come up

with models of this that are less normatively demanding than orthodox

epistemology, but not fully descriptive either. Notably, social epistemology

finds that things one might think hinder the pursuit of belief or knowledge,
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might in the end aid it (eg. Gabriel and O’Connor, 202412).

In practical rationality, such as decision theoretic Bayesianism, expected

utility theory, and economics, there are similar trends. Simon (1955) /

Simon (1957) first introduces the term “bounded rationality” within the

context of economics and expected utility theory. His idea is to “replace

the perfect rationality assumption of homo economics with a concept of ra-

tionality better suited to cognitively limited agents” (Wheeler, 2024). Tra-

ditionally, expected utility theory assumes perfect rationality, this means

“complete information about the options available for choice, perfect fore-

sight of the consequences from choosing those options, and the [ability] to

solve an optimisation problem that identifies an option which maximises

the agent’s personal utility” (Wheeler, 2024).

Expected utility theory provides an axiomatic formulation of what a

rational agent’s preference relation over her options / choices needs to look

like (cf. Bernoulli, 1738/1954, Von Neumann and Morgenstern, 1944).

Here, bounded rationality literature takes some of the assumptions on the

preference relation, and weakens them to account for less than perfectly

rational economic agents13.

This brief overview shows that there is much interest in and research

about responses to orthodox epistemology. Not among the overview just

provided was fragmentation. Fragmentation is another, fairly recent, re-

sponse to orthodox epistemology, the orthodox model of belief and its highly

normatively demanding standards for agents which is at the centre of this

dissertation.

12Often, work in social epistemology is done via so-called agent based models, com-
puter models of epistemic agents (in social settings); for an overview, see Šešelja, 2023

13Examples of this are denying the preference ordering to be complete and / or tran-
sitive, eg. Keynes (1921), Koopman (1940), Luce and Raiffa (1958), or Aumann (1962).
The other axioms can also be weakened / dropped, eg. by denying the independence ax-
iom on the preference ordering, because empirical research suggests that agents evaluate
gains and losses differently, cf. Friedman and Savage (1948), Kahneman and Tversky
(1979).
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2.3 Fragmented epistemology

As already mentioned, fragmented epistemology and fragmented models of

belief are another reply to orthodox epistemology and orthodox models of

belief that demand something like the principle of unity presented earlier.

Fragmented epistemology, of which the earliest accounts were developed

by Davidson (1982b), Lewis (1982), Cherniak (1983), Stalnaker (1984), and

Cherniak (1986) do not demand unity of an agent’s epistemic or doxastic

state as constitutive of rationality generally, and rational belief specifically.

Fragmented epistemology allows for the belief state of a (rational) agent to

be fragmented – i.e. compartmentalised into different sub-states or subsets

of the total belief state. And crucially, fragmentation accounts relax the

strong rationality norms imposed by orthodox epistemology. Within each

fragment in the agent’s doxastic state, the orthodox rationality norms of

consistency and closure under logic remain present, but across fragments,

they do not have to hold. Across fragments, inconsistencies are allowed

and closure under logic does not need to hold.

The general idea of fragmentation views is to keep the central idea of

orthodox epistemology that consistency and closure are important compo-

nents of rational belief (cf. Kindermann and Onofri, 2021) while avoiding

many problems that orthodox epistemology faces, by reducing the ratio-

nality standards for agents by allowing for fragments that might be incom-

patible with each other in certain respects.

A very important aspect of fragmentation accounts, again, is the ques-

tion whether this is a descriptive or a normative account.

Many authors make it seem like fragmentation accounts are descriptive

accounts of how real, fallible agents reason in real life. For example, Egan

and Davies (2013) describe fragmentation like this: “Actual belief systems

are fragmented and compartmentalised. Individual fragments are consis-

tent and coherent, but fragments are not consistent and coherent with each

other and different fragments guide action in different contexts. We can

hold inconsistent beliefs and act in some contexts on the basis of the belief

that P and in other contexts on the basis of the belief that ¬P . Frequently,
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we fail to put things together or to “join up the dots”. It can happen that

some actions are guided by a belief that “If P then Q”, but no action is

guided by a belief that Q because the belief that P and the belief that if

P then Q are in separate fragments” (Egan and Davies, 2013, p. 705) and

inferences can only be drawn within, but not across fragments.

This makes it seem like fragmentation is a descriptive account. Real

agents cannot live to the norms of orthodox epistemology, but fragmenta-

tion is not supposed to replace orthodox models of belief as a normative

guide for the rationality of agents, but rather, it is intended to be a (sup-

plementary) descriptive account of how real agents actually reason.

I will provide arguments to the contrary – I will argue that fragmentation

accounts should be accompanied by rationality norms, and they then can

and should be viewed as normative accounts of the rationality of agents.

Fragmentation is not just something agents only do because they cannot do

better. I argue that, in some epistemic circumstances, for specific reasons

which I will delve into in this dissertation, fragmentation is the epistemically

superior strategy compared to the strategies that orthodox epistemology

provides. Fragmentation can be the rational thing to do sometimes. So, I

will interpret and present my account of fragmented justification not as a

descriptive account, but a normative one, albeit normatively weaker than

orthodox epistemology demands.

Of course, it requires argument for why an epistemology that is so much

“weaker” than orthodox epistemology can be a good guide for rationality.

This is one of the most debated topics in the literature surrounding frag-

mented belief (cf. eg. Borgoni, 2021, Yalcin, 2021), and I will add to this lit-

erature by providing a list of reasons for why fragmentation (and specifically

fragmented justification) can be rational, by developing rationality norms

for fragmentation, and by showing how fragmented justification boosts the

attractiveness of fragmented epistemology generally, because it provides a

rationality argument for fragmented belief. Fragmentation, in my view, is

not an account of describing or rationalising epistemic mistakes, but frag-

mentation can, in some cases, be the epistemically superior thing to do.

There is another important thing to note from the quote by Egan and
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Davies (2013) just touched upon. They note that different mental frag-

ments of an agent are somehow connected to different practical contexts

and tasks. They say that different fragments guide action in different con-

texts. And this is why, according to many, the failure of fragmented agents

to globally, inter-fragmentarily, adhere to consistency and closure is not

that bad, because it is only ever at most one fragment that guides action

in a specific context but not more. It is never the entire (potentially in-

consistent) belief state of an agent that guides action, and therefore, facing

practical decision scenarios, the agent never has to face their inconsistent

beliefs in their entirety and, thus, this does not pose a problem for practi-

cal rationality (cf. also, eg. Elga and Rayo, 2021, Kindermann and Onofri,

2021, Elga and Rayo, 2022).

This is another point where I will depart from the existent literature

on fragmentation. I aim to pull apart epistemic from practical rationality

in the context of fragmentation. I take fragments to not necessarily be

directly tied to a particular practical task (thus, I provide a new way of

individuating fragments), and thereby to practical rationality, and I allow

for multiple fragments to become relevant for one and the same practi-

cal decision. The account of fragmented justification I develop is primarily

epistemic rather than practical in nature. I will argue that, purely epistem-

ically, it can be the case that a fragmented mental state is rational. Within

my framework, it can be the case that epistemic and practical rationality

work in unity with each other (when a fragmented belief state poses no

problems for practical action), but they can also stand in tension with each

other. It can happen that multiple different fragments will become relevant

to a certain practical task or decision. If those fragments that need to be

active for a certain decision contain inconsistent information, then frag-

mentation (although epistemically rational) will pose a threat for practical

rationality. Situations like this will make it necessary to think about how a

process of de-fragmentation can look like in case the fragmented state poses

threats to practical rationality which is a relatively undiscussed topic in the

fragmentation literature. I will introduce mechanisms for de-fragmentation

from the judgment aggregation literature, and will eventually argue that
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de-fragmentation is difficult, and that, often there will be no epistemically

optimal aggregation mechanisms. I will provide an argument along the lines

of the seminal inductive risk argument by Rudner (1953) for the necessity of

the employment of non-epistemic value judgments in the de-fragmentation

process.

I will now present the origins of fragmentation, by summarising both

the Cherniak (Cherniak, 1983, Cherniak, 1986) as well as the Stalnaker /

Lewis model of fragmented belief (Lewis, 1982, Stalnaker, 1984). Then, I

synthesise the central ideas of fragmented epistemology. Furthermore, I go

over the various motivations discussed in the literature to opt for a frag-

mented epistemology, including fragmented models of belief. The section

concludes by explaining how fragmentation delineates from contextualism,

as well as with an overview over recent developments and open questions

in the literature surrounding fragmentation.

2.3.1 The Cherniak model of fragmentation

In his book “Minimal Rationality”, Cherniak (1986) argues against very

idealised theories of rationality and develops a theory of minimal rationality

which is accompanied by a fragmented picture of memory. The main driver

for developing this theory is that he thinks orthodox theories of rationality

are based on a highly idealised model of memory that imposes unrealistic

demands on limited and fallible agents like humans (cf. Kindermann and

Onofri, 2021).

He draws a distinction between short term memory (active memory) and

long term memory (passive memory). He argues that short term memory

has limited storage capacity and limited duration. But, unlike inactive long

term memory, the agent can operate on the contents of short term memory.

“Items that are active in short term memory can serve as premises for

inferences [and] act as an input to practical reasoning”(Kindermann and

Onofri, 2021). On the other hand, long term memory does not have to

deal with the very limited capacity of short term memory. According to

Cherniak, long term memory has “practically no capacity limit”. But there
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is a price to pay for this – the agent cannot directly and readily access what

is stored in long term memory, and therefore, the agent cannot operate

directly on the contents of information stored in long term memory. To be

able to do so, the agent has to activate the memories and “move” them

from passive long term memory into active short term memory.

Moreover, according to Cherniak, to optimise the process of finding and

retrieving information from long term memory and activating it to make it

available for reasoning and action, long term memory is compartmentalised

/ fragmented. Pieces of information in our long term memory are organ-

ised into subsets / fragments according to their subject matter / contents.

This will make it easier for agents to effectively and quickly find pieces of

information within the large amounts of information stored in long term

memory. “Depending on the cognitive problem at hand, the agent will

search within subsets that are most likely to be relevant to the problem in

question” (Kindermann and Onofri, 2021). Through this fragmentation of

long term memory, the efficiency and reliability of the search process can

be optimised, since the agent does not have to randomly search through the

depths of long term memory, but can search with the help of subject matter

and “key words”. The fragmentation in our long term memory allows us

to conduct “fairly reliable searches within a limited about of time”, but it

can also lead to mistakes.

The main point of Cherniak is that mental fragmentation is central to a

more realistic account of memory which is, in turn, central to his account

of minimal rationality.

2.3.2 The Stalnaker / Lewis model of fragmentation

Lewis and Stalnaker have developed the account of fragmented belief as

we know it today within the epistemological literature, by using the tradi-

tional possible worlds framework for propositions and belief, and introduce

a fragmented version thereof.

To recall their account, I will, first, give a brief introduction into the

concept of a proposition, as well how that concept is employed within formal
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models of belief.

Propositions and possible worlds

Propositions are a central concept in epistemology, as well as formal and less

formal approaches of belief and knowledge. Today, the standard conception

of a proposition is in terms of possible worlds (Lewis, 1982, Stalnaker, 1984,

cf. also Hoffmann, 2012). A proposition P , according to this standard

conception, is a set of possible worlds; i.e. those worlds in which P is true14.

Furthermore, a proposition P is true at a world w iff w ∈ P . Intuitively,

one can think of a proposition as the semantic content of a thought, or

utterance or assertion. Importantly, propositions are standardly taken to

be the objects of belief and other attitudes, such as knowledge or doubt,

as they are often thought to be the primary bearers of truth and falsity.

Since this conception of propositions depends on another notion, that

of a possible world, one may legitimately ask what possible worlds are.

Within this standard framework, the (logical) universe is usually taken

to be a (finite or infinite) set of possible worlds W . Those worlds can

be understood as different ways of settling possibilities, or different ways

the world may be. Within contemporary (formal) epistemology and espe-

cially, within epistemic and doxastic logics, possible worlds are not taken

to carry substantive metaphysical commitment, but instead are used as a

tool of capturing concepts such as knowledge and belief. This does not

mean that the metaphysical questions surrounding possible worlds are not

interesting15, but they are not the focal interest of formal epistemologists,

epistemic logicians, as well as within this dissertation.

The conception of propositions in terms of possible worlds is by no means

the only one. Alternative and competing conceptions of propositions in-

clude, most notably, the so-called structured account of propositions ac-

cording to which propositions are complex entities that are structured and

14A slightly alternative way of formally modelling propositions is via functions from
possible worlds to truth values, instead of sets of propositions.

15For the interested reader, an introduction and overview over metaphysical questions
can be found in Menzel (2024).

69



have constituents that are bound together in a particular way (eg. Ba-

con, 2023, King, 2024). However, since the possible worlds conception and

framework can be called orthodoxy in epistemology and since it is the basis

of the version of fragmentation developed by Lewis and Stalnaker that this

dissertation builds upon, further elaborating on alternative conceptions of

propositions is beyond the scope of this dissertation.

Formal models of belief

I will now explain how this possible worlds conception of propositions is

used in formal epistemology and epistemic and doxastic logic. This is im-

portant, since this framework is the fundament for the fragmented model

of belief that Stalnaker and Lewis develop.

The semantics of epistemic (logic of knowledge) and doxastic logic (logic

of belief) are most commonly given via possible worlds semantics. This

means that, for example for a logic of knowledge, the truth conditions of

formulae involving the knowledge operator K, applying to a proposition P

are given via truth of P within possible worlds. More precisely, usually,

knowledge of a proposition P is semantically defined via whether P is true

in all possible worlds that are epistemically possible / accessible to the

agent in question.

Since this dissertation, for reasons explained in the previous chapter,

is not primarily concerned with the concept of knowledge but rather with

belief and, even more importantly, justification (of belief), let me delve a

bit into logics of justification and (justified) belief.

Doxastic logics or logics of belief aim to formally capture the concept

and the logic behind belief. They study what kind of rules and theorems

hold, given some initial and minimal assumptions on the concept of belief.

These “minimal” assumptions often postulate belief to be consistent and

closed under logic, this means that these assumptions are exactly what

the orthodox model of belief presented earlier imposes. Based on these

assumptions, the literature comes up with logical systems studying be-

lief, most often using a possible worlds framework, where propositions are
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captured as sets of possible worlds (cf. among others, Von Wright, 1951,

K. Hintikka, 1962, K. J. Hintikka, 1969, Stalnaker, 2006, Van Benthem,

2006, Bjorndahl and Özgün, 2020, Rendsvig, Symons, and Wang, 2024).

Related literature paths are logics studying not just belief, but justified

belief, evidence-based belief and the like (cf., among others, Van Benthem

and Pacuit, 2011, Baltag, Renne, and Smets, 2012, Baltag, Renne, and

Smets, 2014), again, predominantly within possible worlds frameworks16.

Furthermore, there are paths in the literature working on justification log-

ics, again, often against the backdrop of a possible worlds semantics (cf.

eg. Artemov, 2008, Artemov, 2019, Artemov, Fitting, and Studer, 2024).

Justification logics, as well as AGM belief revision (Alchourrón, Gärden-

fors, and Makinson, 1985, Grove, 1988) are also noteworthy in the context

of this dissertation, because they employ so called plausibility models, that

is, rankings of possible worlds by way of their plausibility. While I will ex-

plain what exactly this means in the next two chapters of the dissertation,

it is important to keep in mind the inspiration for the employment of this

formal apparatus17.

To conclude this, many formal models of belief operate in a possible

worlds framework, where propositions are taken to be sets of possible

worlds. And, furthermore, often, propositions are taken to be the objects

of belief. And belief has to be consistent and closed under logic18.

Stalnakerian / Lewisian fragmentation

Lewis and Stalnaker are, among others, responsible for the development of

possible worlds models of belief, as well as their establishments as orthodoxy

within the philosophical community.

16There is also a large part of the literature of belief logics working on dynamic versions
of belief logics, so-called dynamic epistemic logics, cf., among others, Van Benthem
(1996), Gärdenfors (1988), Leitgeb and Segerberg (2007), Van Benthem (2007), Van
Ditmarsch, Van der Hoek, and Kooi (2007).

17There is one more source of inspiration, not directly related to epistemic and doxastic
logics, namely the literature on non-monotonic reasoning, cf. eg. Kraus, Lehmann, and
Magidor (1990), Lehmann and Magidor (1992).

18Another very prominent way to formally model belief is Bayesianism. I will delve
into Bayesianism in section 4.
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Then, also Lewis and Stalnaker, develop fragmentation as a way to cope

with the problem of logical omniscience that arises “for possible world

accounts of propositional attitudes and their contents” (Kindermann and

Onofri, 2021).

Stalnaker provides his own version of the unity principle presented ear-

lier, rephrased explicitly using propositions as the objects of belief19:

1. If P is a member of a set of [believed] propositions and P entails Q,

then Q is a member of that set.

2. If P and Q are each members of a set of [believed] propositions, then

P ∧Q is a member of that set.

3. If P is a member of a set of [believed] propositions, then ¬P is not a

member of that set.

Stalnaker takes the agent’s doxastic state to be represented by the set

of worlds that represents their doxastic commitments, which are supposed

to be; to obey these three rules.

Stalnaker defends a pragmatic-dispositional account of propositional at-

titudes. This means that he understands a propositional attitude such as

belief to be primarily defined in pragmatic terms. According to this con-

ception, we believe those propositions that we are disposed to act upon.

To put it in Stalnaker (1984)’s words: “Beliefs, according to the pragmatic

picture, are conditional dispositions to act. A rational agent is, in general

and by definition, disposed to act appropriately, where what is appropriate

is defined relative to his beliefs and desires. To say that an agent believes

that P is to say something like this: The actions that are appropriate for

that agent – those he is disposed to perform – are those that will tend to

serve his interests and desires in situations in which P is true” (p. 82).

This also explains the strength of the unity principle / the three Stal-

nakerian rules for belief just presented. They need to be so strong to

prevent irrational practical action. Those rules are (partially) there to en-

sure practical rationality. Since, imagine a belief set containing P and ¬P ,

19The exact formulation is taken from Kindermann and Onofri (2021).
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and a practical decision depending on whether P or ¬P is the case. For

example, imagine that you believe both that it will rain tomorrow and that

it will not rain at all tomorrow. You want to decide whether to take an

umbrella to work tomorrow or not. If it will rain, you take it, but if it will

not rain at all you will not take an umbrella. But if you believe both that

it will rain and it will not rain at all, you would have to both take and not

take the umbrella, which is not only practically irrational, but practically

impossible. You cannot both take and not take the umbrella with you.

But, now, Lewis presents an example that shows how our beliefs can be

fragmented, and thereby, do not obey to the unity principle: “I used to

think that Nassau Street ran roughly east-west; that the railroad nearby

ran roughly north-south, and that the two were roughly parallel” (Lewis,

1982, p. 436). This set of beliefs is inconsistent and violates orthodox

belief norms. Instead of completely getting rid of rationality postulates on

belief, Lewis explains his set of beliefs using fragmentation: “Now, what

about the blatantly inconsistent conjunction of these three sentences? I

say that it was not true according to my beliefs. My system was broken

into (overlapping) fragments. Different fragments came to action in differ-

ent situations situations, and the whole system of beliefs never manifested

itself all at once. The first and second sentences in the inconsistent triple

belonged to – were true according to – different fragments; the third be-

longed to both. The inconsistent conjunction of all thee did not belong

to, was in no way implied by, and was not true according to, any one

fragment. That is why it was not true according to my system of beliefs

taken as a whole. Once the fragmentation was healed, straight away my be-

liefs changed; now I think that Nassau Street and the railroad run roughly

northeast-southwest” (Lewis, 1982, p. 436).

According to fragmentation, we can be in more than one belief state at

once. In one context or circumstance, we could be in one belief state. And

in a different context or circumstance, we could be in a different belief state

that might be incompatible with the former one. In Stalnaker’s words, “[a]

person may be disposed, in one kind of context, or with respect to one kind

of action, to behave in ways that are correctly explained by one belief state,
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and at the same time be disposed in another kind of context or with respect

to another kind of action to behave in ways that would be explained by a

different belief state ... the agent might, at the same time, be in two stable

belief states, be in two different dispositional states which are displayed in

in different kinds of situations”.

According to fragmentation, the three Stalnakerian rules have to be sat-

isfied in each individual dispositional belief state / fragment, but across be-

lief states, they do not have to hold. An agent’s context-encroaching overall

belief state may contain inconsistencies and does not have to be closed un-

der logic. It is important to note that the unattractive consequences this

can entail for practical rationality are avoided here, by claiming that it is

only ever one single belief state (among the many that a fragmented dox-

astic state may contain) that is relevant for a particular circumstance or

decision problem. Therefore, the violations of the rules of rationality will

not ever influence the rationality of action, which is what having beliefs “is

all about”, according to Stalnaker.

Furthermore, according to both Lewis and Stalnaker, fragmentation is

not something that is necessarily to be desired from a rationality stand-

point, but something that happens in real life and that epistemology should

be able to deal with. An agent who is fragmented is not necessarily irra-

tional, as long as they can ensure practical rationality. But, as Lewis puts

it, the fragmentation should ideally be “healed”, because it is usually due

some type of ill-justified belief, or mistake, like in Lewis case, a wrong way

of approximating the directions of Nassau street and the railroad.

In this dissertation, I will diverge from this picture, and thereby untangle

epistemic from practical rationality. Within my account of fragmentation,

fragments are not necessarily tied to specific actions or practical decision

making circumstances. It can, therefore, occur that two or more differ-

ent and incompatible fragments might become relevant to a single specific

practical decision problem. Such situations make it necessary to discuss de-

fragmentation or the aggregation of fragments, which is something novel

within the literature on fragmentation.

Furthermore, I will make the stronger claim that fragmentation, some-
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times, is not just a “necessary evil”, to result in a theory that scores higher

on descriptive accuracy than epistemic orthodoxy does, but rather, the

epistemically superior thing to do – the rational thing to do. I will argue

that fragmentation can be purely epistemically rational in some situations,

even if it might not be practically rational at the same time. Even if some

doxastic state might not be able to provide rational practical action, it can

still be epistemically rational. And there are reasons why one might not

want to alter or get rid of such a state even if it poses problems for practical

rationality. I will delve into what these reasons are in the dissertation.

2.3.3 The central theses summarised

Similarly to how I did for the orthodox picture, I will now provide both

Kindermann and Onofri (2021)’s summary of the central theses of frag-

mentation, as well as the slightly more detailed summary of fragmentation

provided by Bendaña and Mandelbaum (2021).

Kindermann and Onofri, 2021 give the following theses as a high-level

synthesis of fragmentation:

1. The total set of an agent’s beliefs (at time t) is fragmented into sep-

arate belief states.

2. Each belief state (at t) is a fragment whose constituent beliefs are

consistent with each other and closed under logical consequence.

3. The belief states of a single agent (at t) are logically independent:

They may not be consistent with each other, and the agent may not

believe the consequences of his belief fragments taken together.

4. Different belief fragments of a single agent (at t) guide the agent’s

actions in different contexts or circumstances.

The main point where my account of fragmented justification will diverge

from these tenets is tenet 4; different fragments might have to guide the

agent’s actions in the same context or circumstance. This also means that
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the sources of and reasons for fragmentation will be different in my account;

I will provide a much more detailed analysis about what can be reasons

for (rational) fragmentation, a thing which is not to this degree and form

existent in the literature on fragmented belief yet.

Now, let us take a look at the slightly more detailed version of fragmen-

tation presented by Bendaña and Mandelbaum (2021):

1. Isolation: [Beliefs] [...] are stored in distinct, independently accessible

data structures, which we call “fragments”.

2. Inconsistency: Any fragment that harbours a belief that P and a

belief that ¬P will incite a revision process to eliminate the inconsis-

tency, but having one fragment contain P and a separate fragment

contain ¬P need not.

3. Locality: Information updating, including belief revision, normally

takes place within a single fragment at a time.

4. Redundancy: Different tokens of any particular belief may be stored

in different fragments.

5. Multiple Resistance: Beliefs that are most resistant to revision are

beliefs that are most redundantly represented.

The third, fourth and fifth thesis are not really present in Kindermann

and Onofri (2021)’s summary presented above. The third thesis describes

how fragmentation should work not synchronically but diachronically. It

stipulates that belief revision and information updating is highly local; it

happens within single fragments at a time.

According to the fourth and fifth theses, and contrary to what orthodox

epistemology prescribes, it is fine for multiple belief tokens of the same

belief type to be present in the agent’s overall doxastic state. And the

fifth thesis is a claim about how redundancy and belief revision interact. It

tells us that the more token representations of a particular belief are part

of the agent’s overall doxastic state, the more difficult it is to get rid of
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them via the process of belief revision (especially since belief revision takes

place primarily locally, cf. tenet 3). Within my own account of fragmented

justification, redundancy and multiple resistance will not play a big role; I

focus on isolation and inconsistency, as well as closure under logic.

I will also not primarily focus on information revision within my account

of fragmented justification. The dynamics of information change in frag-

mentation settings is very interesting, however, as already indicated, not

the focal point of this dissertation, because it would go beyond its scope.

Chapters 5 and 6, where I talk about fragmented Bayesianism, will take

up parts of this topic; and the conclusion indicates that this would be a

fruitful avenue for further research.

2.3.4 Motivations

I will now provide an overview over the motivations and evidence for frag-

mented accounts of belief that have been presented in the literature on

fragmentation, both empirical and philosophical.

Logical omniscience and closure

I already presented how the orthodox model of belief and its unity the-

sis pose problems regarding logical omniscience. Let’s briefly recall: Real

agents do not adhere to the demands of the unity principle; their beliefs

are often not consistent and often not closed under logic (cf. Parikh, 1987).

Hence, unity is not descriptively adequate. But, it is not normatively ad-

equate either. Normatively understood, the tenets of unity are not neces-

sarily the ideal guide for the rationality of real agents, because real agents

who fall short of these norms are not necessarily irrational. Harman (1986),

for example, famously argues that “rational agents with limited storage ca-

pacity should not strive to draw any and all logical consequences form the

beliefs they hold, or else their finite minds will become cluttered with triv-

ial beliefs tat are irrelevant to their lives”. In this dissertation, I will argue

that there are other reasons beyond optimising cognitive capacity why not

adhering to the norms imposed by unity and the orthodox model of belief
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can be the rational thing to do, contrary to what orthodox epistemology

imposes.

The first option that might come to mind how to weaken unity is to

drop the constraints it imposes altogether. But this would result in an

account of rationality (if the resulting account is normatively understood)

that would be much too weak; pretty much anything would go in this case.

The belief sets of rational agents must adhere to some normative standards,

otherwise those agents cannot be called rational. And this would be a

problem, because, to put it in the words of Cherniak, “the elements of a

mind – and, in particular, a cognitive system – must fit together or cohere,

a collection of mynath bird utterances or snippets of the New York Times

are chaos, and so (at most) just a sentence set, not a belief set ... no

rationality, no agent” (Cherniak, 1986, p. 6).

Among other options for weakening rationality constraints while not

fully giving up on them described in section two, fragmentation accounts

of belief have become one prominent way of dealing with this problem.

Fragmentation accounts of belief allow agents’ beliefs to, overall, be not

closed under logic, and to be, overall, inconsistent. But fragmentation does

not drop rationality constraints altogether. Within fragments, the tenets

of unity still holds, each fragment needs to remain consistent and closed

under logic. But across fragments, inconsistencies are allowed and closure

under logic does not have to hold.

Whether fragmentation can indeed be rational is one of the most dis-

cussed open questions within the literature on fragmentation. This thesis

will expand on the already existing literature on rationality of fragmenta-

tion, by providing reasons for why fragmented justification be rational, as

well as by giving a rationality argument for fragmented belief in addition

to the arguments already present in the literature.

Explanatory power

Because the unity principle is descriptively inaccurate, it is not a good tool

for predicting the reasoning and actions of agents (cf. Kindermann and
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Onofri, 2021). It does not describe and therefore cannot correctly predict

the reasoning and actions of real agents. Again, one might argue that this

is not the goal of unity. But, if one takes this to be one of the goals of a

model of belief, then the orthodox model of belief falls short of achieving

this goal.

“If one wants a theory of belief that allows for the explanation and the

prediction of the actions of real agents, we’d better let go of the extreme ide-

alisations involved in unity” (Kindermann and Onofri, 2021). But, again,

we do not want a fully descriptively adequate theory either; we do not

want to get rid of all requirements on rationality. Fragmentation accounts

of belief manage to be much more descriptively adequate, and thereby are

better at predicting and explaining the reasoning and actions of agents,

while not letting go of the normative dimension altogether.

Fragmentation accounts perform a balancing act between descriptive

and normative adequacy – they aim to be descriptively more adequate

than the orthodox model of belief while remaining normatively significant,

albeit normatively weaker than the orthodox model of belief. Thereby,

they manage to be better at explaining and predicting the behaviour of

real agents than the orthodox model.

Evidence for fragmentation

I will now provide a (non-exhaustive) overview over some types of em-

pirical evidence there are that favour fragmentation accounts of cognitive

architecture and belief. This overview is largely taken from Bendaña and

Mandelbaum (2021).

Extinction and reinstatement Consider a dog that has learned to as-

sociate the ringing of a bell (conditioned stimulus, CS) with receiving a

treat (unconditioned stimulus, US). Now, through an extinction experi-

ment, the learned association between the ringing of the bell and the treat

gets broken. Imagine that the dog learned the association between the

sound of the bell and the treat within his home. Now, the owner of the dog
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takes it to a dog training school, i.e. a different context, where a trainer

extinguishes the association by repeatedly ringing the bell without giving

the dog a treat. The surprising thing is that, extinction displays failure.

The dog comes back home and displays the seemingly unlearned associa-

tion between the sound of the bell and food, eg. by salivating after hearing

the sound.

Such extinction and renewal experiments are robust (Rauhut, Thomas,

and Ayres, 2001, Bouton, 2004, Bustamante, Uengoer, and Lachnit, 2016).

“Change of context can cause an immediate and robust return of a pre-

viously extinguished association” (Bendaña and Mandelbaum, 2021, p.

82). In different contexts, different information is accessible, and learn-

ing new information or retracting information is not necessarily transferred

across contexts. As Bendaña and Mandelbaum (2021) argue, “fragmenta-

tion offers a natural explanatory framework for these results, as it allows

for multiple token-representations of associations to be housed in different

fragments, each activated by different contexts”. The reoccurrence of a

previously extinguished association happens, because there is a context-

switch, where, although the fragment corresponding to the context where

extinction has taken place does not contain token representations of the

associations anymore, the extinction has not taken place in the fragment

corresponding to the initial context. The orthodox model of belief cannot

accommodate these kinds of patterns of information access, since it does

not allow for multiple token associations of the same belief to be stored

within the belief set.

Implicit bias Implicit bias experiments support a fragmented account of

belief for reasons similar to the ones just presented in the context of extinc-

tion and renewal experiments. Implicit biases are inclinations or prejudices

about people or groups of people that are often not believed explicitly but

implicitly, which makes them more difficult to be aware of as the holder

of the belief. This also makes them more difficult to get rid of. In the lit-

erature, they are often described as conditioned associations (De Houwer,

2009, Mandelbaum, 2015), similar to those described in the extinction and
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reinstatement paragraph just discussed. Experiments aiming to get rid of

or modulate peoples’ implicit biases often struggle with the following phe-

nomenon: After successfully eliminating the bias in a certain context, it

often reappears upon retests for the bias after brief delays (Devine et al.,

2012, Lai et al., 2016).

Again, fragmentation accounts of belief, unlike the orthodox model, can

accommodate for these phenomena for similar reasons to the ones just

explained regarding extinction and reinstatement.

Inconsistency & ballistic believing People constantly have inconsis-

tent belief sets. Even really, really smart people like scientific experts, as I

will show in chapter 4 of this dissertation, and authors of books, as I will

show in chapter 3, as well as philosophers, such as Lewis (1982). (Seem-

ingly) rational inconsistency does not fit at all into the orthodox model of

belief; it does not allow for it, since it treats it as a threat to rationality.

Fragmentation accounts, on the other hand, do allow for inconsistent

information to be stored within the agent’s belief state. Within each frag-

ment, orthodox rationality norms ought to hold, but across fragments, in-

consistent information can be admissibly stored.

Psychology provides a lot of evidence in favour of agents having in-

consistent sets of beliefs. One example of this is the theory of ballistic

believing. This phenomenon, also referred to as the so called “Spinozan”

model of belief acquisition, developed by Gilbert, Tafarodi, and Malone

(1993), shows that, descriptively speaking, the process of acquiring beliefs

is largely automatic and without filters for truth and falsity. The process

of rejecting propositions, however, of deleting them from one’s beliefs sets

is non-automatic, but rather a “controlled, effortful and breakdown prone

process” (Bendaña and Mandelbaum, 2021). We initially believe any truth-

apt proposition we come across, and only later, and only when we have the

resources, we sort out false ones by revising our belief state20.

Since cognitive load is omnipresent, no one can be cautious enough to

20Another area of science supporting the same hypothesis is cognitive semantics, cf.
eg. Evans and Green (2006), Fillmore (2006), Lakoff and Wehling (2012).
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continuously reflect on all the propositions that enter one’s belief state,

especially those that one should reject because they conflict with previously

accepted propositions and / or are false (Levy and Mandelbaum, 2014).

Fragmentation can accommodate this evidence, since it allows for in-

consistent information to be stored within one’s overall belief state, while

the orthodox model is incompatible with this evidence. But, as already

explained, the aim of the account of fragmentation developed in this disser-

tation will not be to adequately describe explain peoples’ clearly irrational

doxastic patterns, but instead, show how fragmentation, sometimes, can be

the rationally superior thing to do.

Retraction Retraction experiments also support a fragmented account of

belief instead of the orthodox model. Retraction experiments look like this:

Participants of the experiment receive some information and then later are

told that some of the previously presented information is false; some of the

information is retracted. Then, the participants are being asked questions

based on the information they were being presented with, including the re-

traction. Interestingly, participants still refer to the retracted information

as being true although they have explicitly been told that that information

is false. Such retraction experiments can be found, for example, in Weg-

ner, Coulton, and Wenzlaff (1985), Johnson and Seifert (1994), and Seifert

(2002)21.

Unlike the orthodox model, fragmentation can explain these phenom-

ena. Remember that one might argue that it is not the goal of the ortho-

dox model to allow for / predict obvious failures of rationality, which these

retraction experiments seem to be highlighting. This section is not about

normativity, however, it is about empirical evidence supporting fragmenta-

tion accounts of belief over the orthodox model.

The widsom of the crowds The wisdom of the crowds effect describes

the phenomenon that judgments made by crowds or groups are often more

21Other evidence supporting the same hypothesis can be found in Anderson and Kel-
lam (1992), Sinnott-Armstrong (2008), or Mandelbaum and Ripley (2012).
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accurate than the judgments of the individuals composing the group or

crowd (Galton, 1907, Surowiecki, 2005)22. The average of the guesses /

judgments of a group becomes more accurate, as the sources of error of

those guesses become more independent from each other.

But how do the individuals constituting a group or crowd generate their

individual guesses / judgments? Orthodox epistemology prescribes, but

also it has been traditionally assumed by empirical researchers, that indi-

viduals are guided by the totality of the information stored within their

doxastic state.

Interestingly, one can also detect the wisdom of the crowds effect for not

groups, but within individual agents (Vul and Pashler, 2008). When letting

individuals guess / judge multiple times on the same question, instead of

just once, the error of the average of the guesses decreases significantly

compared to the errors of each guesses, taken individually. Importantly,

contrarily to what one might think, when people second-guess, there is no

increase in the accuracy of the information available to them, nor does the

total information available to the agent change.

The orthodox model of belief cannot deal with the wisdom of the crowds

phenomenon within individuals. According to it, agents should have global

access to all their stored information at once. This would prevent the

possibility of the degrees of errors when individuals guess multiple times to

be independent enough to produce the wisdom of the crowds effect. If the

individual can globally access all information at once, first of all, the guesses

should not change, but second of all, there should be no independence in

the errors of the guesses.

Fragmentation accounts can explain the wisdom of the crowds effect in

individuals. “[D]ifferent contexts [can] cause participants to access differ-

ent fragments which contain different information” (Bendaña and Mandel-

baum, 2021, p. 90). And consequently, guesses that come from information

in one fragment have a different source of error than a guess produced by

22The wisdom of the crowds is also a much discussed topic in contemporary analytic
philosophy, cf. eg. Mayo-Wilson, Zollman, and Danks (2013), Baccini et al. (2023),
Dietrich and Spiekermann (2024) and Stewart and Elkin (forthcoming).
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information from a different fragment. Allowing for multiple guesses con-

cerning the same question allows agents to produce guesses accessing dif-

ferent fragments which makes it possible for the total accuracy to increase

with second-guessing, having the independence of the sources of error in-

crease.

These different pieces of evidence just presented show how the ortho-

dox model is descriptively inaccurate – it cannot explain or predict these

phenomena. Fragmentation, on the other hand, proves a useful framework

for accommodating these phenomena. “People do not update globally.

[And] their total set of beliefs is replete with redundancy and inconsis-

tency” (Bendaña and Mandelbaum, 2021, p. 94).

Again, this discussion was not about whether the orthodox model or

fragmentation accounts of belief are normatively adequate, but merely a

presentation of empirical evidence in favour of fragmentation.

The agent’s circumstances as fragment-determining

As already mentioned a few times, some pieces of information might be ac-

cessible to an agent in some circumstances, or relative to some task, but not

in other circumstances, or relative to other tasks. Having information not

be globally accessible but fragmented, with specific pieces of information

only being accessible in specific circumstances, is one of the core motiva-

tions for fragmentation accounts, since they can accommodate this very

well.

There can also be other epistemic and non-epistemic circumstances that

determine the fragmentation process. One commonly mentioned one is

subject matter. If fragments are activated by specific tasks or decisions,

then it makes sense that the fragment being activated to make a deci-

sion on what to wear given the weather today will contain propositions

on the weather, temperature, and appropriate clothing for certain temper-

atures and weather conditions, but not, say, information about classical

music, politics, or philosophy. Leitgeb (2017) discusses further aspects
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within the agents epistemic and non-epistemic circumstances that can be

fragment-determining and context-inducing, such as what the agent cares

about in some circumstances or others, or what her perspective is. Another

fragment-individuating factor that will be important in this dissertation is

that agents can sometimes rationally make different sets of background as-

sumptions in different circumstances or contexts. And there will be more

fragment-individuating factors that I will discuss throughout this disserta-

tion.

One of the most important topics to discuss when it comes to fragmen-

tation is whether it is merely an account that outperforms the orthodox

model in being able to describe and explain the behaviour of real agents,

or whether fragmentation accounts can also provide a meaningful notion

of rationality. I will argue that fragmentation, sometimes, is the rationally

superior thing to do, compared to the alternatives orthodox epistemology

provides, and I will provide reasons for why fragmentation generally, and

specific fragment-inducing factors, can be rational.

Solving epistemic puzzles

Fragmentation accounts of belief are attractive, furthermore, because they

provide a solution to the preface paradox, which is one of the most impor-

tant and widely discussed paradoxes within epistemology. The paradox is

about the author of a book who seems to be justifiedly believing an overall

inconsistent set of propositions. In the main part of the book, the author,

who is a scientific expert on some specific topic, for example, baby nutrition,

communicates her well researched and justified beliefs about baby nutrition,

A1, ..., An. But in the preface of the book, she admits that one of the many

claims she makes in the main part of the book is false, i.e. ¬(A1∧ ...∧An).

The orthodox model of belief, under a normative reading, would classify

this author as irrational, because the author believes an overall inconsistent

conjunction of propositions, A1∧ ...∧An∧¬(A1∧ ...∧An). But, intuitively,

the author seems rational. Each claim she makes in the main part of the

book about baby nutrition is well researched. But equally, the claim she
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makes in the preface about there being a false proposition in the body of

the book is well justified. The author, although being a scientific expert, is

a human, and humans are fallible. Furthermore, she has published books in

the past, and each time, mistakes have been discovered after the book has

been published. This is the paradox – according to orthodox epistemology,

the author is irrational in believing this overall inconsistent proposition of

propositions, but it seems she is, in fact, rational in doing so, because each

belief is well justified.

Fragmented belief accounts provide an attractive solution to this para-

dox that can explain why the author is not irrational while preventing

the extreme consequences that completely breaking up with the orthodox

model can bring about. The first one to develop a fragmented belief solution

to the preface paradox is Cherniak (1986), more recently, Leitgeb (2017)

has developed a detailed fragmented / contextual solution to the paradox

(and, furthermore, the lottery paradox, too). Since I will explain how frag-

mented belief solutions solve the preface paradox in the next chapter, as

well as how the account of fragmented justification I develop can provide

an even better solution to this paradox, I will omit a detailed presentation

of the solution at this point.

2.3.5 Delineation from contextualism

I have just mentioned that Leitgeb (2017) provides a contextualist / frag-

mentation solution to the preface paradox. However, the account Leitgeb

develops is not explicitly a fragmentation account, but rather a contextual-

ist account of belief. Furthermore, I mentioned how many authors within

the fragmentation literature think that fragments “come” with a specific

task or decision, and get activated in a specific circumstance or context.

This begs the question what exactly the difference between a fragment and

a context is, given that the two concepts seem very closely related. This is

a question not yet investigated by the fragmentation literature that I will

now proceed to answer.

I already distinguished two forms of contextualism earlier. There is tra-
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ditional semantic contextualism, where the truth conditions of a concept

change from context to context. And there is non-semantic contextualism,

as developed and used by Leitgeb (2017), where the content of the concept

in question does not change from context to context, but rather, the agent’s

epistemic and non-epistemic circumstances, such as her perspective, atten-

tion, or stakes etc. change with context. What can also change between

contexts, here, is the types of content that are relevant to the agent. In

one circumstance, information about the weather might be relevant, while

in a different context, information about Gödel’s incompleteness theorems

might be more relevant to her. This is the type of contextualism I focus

on here because it is closely related with fragmentation, unlike semantic

contextualism.

But what is a context? And how does it differ from a fragment? One

can perceive of the concept of a context in more or less mind-dependent

ways. A context can – in principle – be perceived of simply as the (predom-

inantly external / mind -independent) space-time situation an agent finds

themselves in, including information about what time it is, where she is,

who else is there, what the topic of reasoning or conversation is, and so on.

But the way Leitgeb (2017) perceives of a context, and what I choose to

adopt in this thesis, is that there is another mind-dependent dimension to

a context; in different contexts, the agent’s internal circumstances will be

different, not just the “objective” circumstances of the external situation.

What changes between contexts can be, as mentioned, the stakes, what the

agent cares about, the information that is relevant, her perspective, among

other aspects. These aspects can be perceived to have, both, internalist and

externalist dimensions, i.e. a dimension purely internal to the agent, and a

dimension that is external to the agent. For example, what the agent cares

about is very internal to the agent, but the stakes or relevant information

could potentially be imagined to be determined not just through internal

reasoning of the agent, but through some external circumstances as well.

Thus, a context can be perceived as something purely internal and mind-

dependent to an agent, but at least some external factors can play a role

in determining the context, such as the physical situation the agent finds
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herself in, the time, etc.

Fragments on the other hand are purely mind-dependent entities; they

cannot be conceived of independently of the agent’s mind, because they

“live” within the mind. Fragments are one possible structure for how the

agent’s mental state can look like, as opposed to an unfragmented – global

– mental state. In the fragmented belief literature, fragments are usually

taken to be sets of propositions (or partitions over possible worlds). A

context, on the other hand, is not a set of propositions. A context is what

influences the agent’s mental state. As the fragmentation literature per-

ceives, different contexts correspond to different mental fragments. In a

different context, with different internal and potentially external circum-

stances, different fragments will form and become active. The aspects of

the contexts that the agent finds herself in in different situations influences

how the different mental fragments will look like.

For contextualism, the idea is usually that, in different contexts, the

mental state of the agent will look very different. Each context allows for a

separate mental state and corresponding set of believed propositions. And

within each context, the norms of the orthodox model of belief need to

hold.

For fragmentation accounts, what contextualism allows for, i.e. having

different mental states in different circumstances, is possible to be enter-

tained by the agent, so to speak, simultaneously. Instead of having to

commit to one global mental state, and having to completely switch that

global state to a different one with changes in context, fragmentation allows

the agent to introduce fragments; several sub-states of the agent’s overall

mental state that correspond to different contexts, and which will be active

in different circumstances. And those fragments are allowed to make up the

agent’s overall mental state *simultaneously*; instead of having to discard

her mental state and come up with a new one in a new context, the agent

can dis-activate one fragment and simply move to another, without having

to get rid of any information within her mental state.

One important topic of this dissertation will be de-fragmentation and

the need for the aggregation of fragments in light of the demands of practi-
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cal rationality which I will talk about shortly. This is another point where

it is important to distinguish between a fragment and a context. Fragments

are parts of the mental state of the agent and can be formally represented.

For fragmented belief accounts, they are sets of propositions; in my account

of fragmented justification, they will be formally represented via plausibil-

ity orderings of possible worlds, and, later in the dissertation, via credence

functions. These are entities that make it possible to use social choice

and judgment aggregation theory to study how one might get rid of hav-

ing many fragments and merge them into one unfragmented mental state.

Contexts are what fragments are influenced by, but they themselves cannot

be aggregated or merged as easily, because they are more complex, and less

easily explicitly formalisable.

2.3.6 Recent developments and open questions

Lastly in this part of the dissertation giving an overview over fragmented

epistemology, I will provide an brief summary over recent developments

and important open questions in the fragmentation literature.

First, some recent developments: Epistemological theories of belief or

knowledge often posit more norms of principles beyond unity. Widely dis-

cussed principles within the literature on knowledge (but also belief) are

iteration principles; i.e. principles that demand that if you know a proposi-

tion P , then you know that you know that P , and so on (cf. T. Williamson,

2000, Greco, 2015). Similar to the principles of unity – consistency and

closure – one might argue against iteration principles like this on similar

grounds (cf. Kindermann and Onofri, 2021 for a detailed example). Sim-

ilar to consistency and closure, fragmentation allows for the relaxation of

iteration principles. For example, one might know a proposition P relative

to a certain fragment. But one might know the – different – proposition,

KP , relative to a different fragment. In other words, iteration principles

do not have to hold across fragments, but one can still preserve them intra-

fragmentarily.

Fragmentation is also part of a relatively recent account of mathemat-

89



ical knowledge, developed by Rayo (2013). Rayo argues that “cognitive

accomplishment in logic and mathematics can be modelled, in part, as the

acquisition of information transfer abilities: Abilities whereby information

that was available for the purpose of one set of tasks becomes available for

the purpose of a different set of tasks”. Fragmentation makes precise what

the transfer of information amounts to: “A subject who has access to pieces

of information for some purposes but not others is usefully thought of as

being in a fragmented cognitive state. [...] One can model an information-

transfer ability as the instantiation of a relation of accessibility amongst

different fragments within the subject’s doxastic state”.

Furthermore, fragmentation has recently been studied in relation to and

combined with models of belief that take belief to be question sensitive

(eg. Leitgeb, 2017, Yalcin, 2018), and inquisitive semantics and logic (eg.

Ciardelli, Groenendijk, and Roelofsen, 2018).

Recently, building on the original accounts of binary fragmented belief,

that is all-or nothing belief, that have been developed by Lewis, Stalnaker

& Co. (contrary to graded belief or degrees of belief, often modelled by

Bayesian credence functions), fragmented versions of Bayesianism have re-

ceived increased interest (Elga and Rayo, 2021, Elga and Rayo, 2022), but

are still an underdeveloped topic that will receive attention in this disser-

tation, but should be studied beyond.

Open questions and topics that need to be discussed within the fragmen-

tation literature are plenty. One of the most important questions concern

what valid (and invalid) reasons for (rational) fragmentation are. My dis-

sertation will add to this discussion a new perspective on what the reasons

for fragmentation can be.

This is connected to potentially the most pressing question with regards

to fragmentation – rationality. Fragmentation accounts are in a limbo state

– wanting to be more descriptively accurate than orthodox models, but not

wanting to completely lose their normative dimension.

In the early literature, fragmentation is often portrayed as a “necessary

evil”, something that happens to real agents, but something that clearly

deviates from the ideal of perfect rationality (Stalnaker, 1984). Egan (2008)
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and Egan, in his chapter in Borgoni, Kindermann, and Onofri (2021), ar-

gues that ”fragmentation can serve as a useful damage-control device in

cases where agents have belief forming mechanisms that are liable to go

wrong. The fact that agents have such fallible belief-forming mechanisms

can make it more rational, in certain kinds of cases, to be fragmented rather

than unified”. To rephrase this, because real agents reason with error-prone

belief forming processes, it can be “rational” to be fragmented, given the

error-prone belief forming processes.

Cherniak (1986), motivated by similar reasons, develops a theory of

minimal rationality, and fragmentation is a part of this theory of mini-

mal rationality. Minimally rational agents may well often make mistakes,

and not be perfectly rational, but the might nonetheless exhibit a kind of

minimal rationality.

So, the consensus so far in the literature about rationality of fragmen-

tation is that fragmentation is definitely a deviation from ideal rationality,

and the rationality that a fragmented agent may possess is a kind of minimal

rationality that agents can possess although / while they make mistakes,

are fallible, and computationally limited. My thesis will diverge from this

consensus. I will argue that sometimes, fragmentation is the rational thing

to do, and in those cases, fragmentation epistemically outperforms its more

orthodox epistemic alternatives.

Moreover, there is some debate on inter-fragmentary rationality criteria;

recall that the tenets of unity, within fragmented accounts, have to hold

within but not across fragments. Borgoni (2021) and Yalcin (2021), both,

discuss, whether, and if yes, which rationality norms should exist in between

fragments. Because, although fragmentation should be less normatively

demanding than the orthodox model, one might want to pose some limits

on how many fragments there may be, how they should relate to each other

and so forth. In my dissertation, I will discuss this topic and expand on the

literature. I will provide what I call precautionary norms of fragmentation.

And, furthermore, the account of fragmented justification I develop will be

able to serve as an additional rationality argument for fragmented belief

accounts, which is another benefit of my account.
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Other open questions and topics in the literature I will not focus on in

this dissertation include the relationship between fragmentation and lan-

guage, fragmentation and mental files, as well as how fragmentation and

the literature on implicit attitudes relate23.

2.4 Social choice and judgment aggregation

The next topic that needs introduction is social choice, judgment aggrega-

tion, and opinion pooling.

Social choice theory has been pioneered by Condorcet, Borda and Arrow,

in the 18th and following centuries, and deals with collective decision prob-

lems, and how to (best) arrive at group opinions and decisions given the

opinions provided by the individual members of the group. Orthodox social

choice theory deals with the aggregation of preferences (List, 2022), while

the modern judgment aggregation literature deals with the aggregation of

propositions / judgments (cf. List, 2012), and (probabilistic) opinion pool-

ing is concerned with the aggregation of credence functions (Dietrich and

List, 2016).

Condorcet initialised this field of study with, first, his jury theorem,

and secondly, his famous paradox. Condorcet’s jury theorem tells us that

“if each member of a jury has an equal and independent chance better

than random, but worse than perfect, of making a correct judgment on

whether the defendant is guilty, the majority of jurors is more likely to be

correct than each individual juror, and the probability of a correct majority

judgment approaches 1 as the jury size increases” (List, 2022).

Moreover, Condorcet’s paradox states that the preferences of the ma-

jority of a group can be irrational even if all the individual preferences are

rational. Arrow, then, puts forward a more general account of studying

preference aggregation; where “he consider[s] a class of possible [prefer-

23It is not being studied yet, but it would be fruitful to, furthermore, investigate
fragmentation in the context of (formal) accounts of attention and awareness, cf. eg.
Belardinelli and Schipper (2024). Related to this, I will discuss in chapter 5 how frag-
mented Bayesianism can be used to model different levels of attention.
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ence] aggregation methods, which he calle[s] social welfare functions, and

asked which of them satisfy certain axioms and desiderata” (List, 2022).

He proves that there is no way of aggregation preference ranking into a

collective preference ranking, of two or more individuals over three or more

alternatives, where the aggregation rule satisfies a number of rationality

conditions in the form of axioms24.

This is a very significant result; since it tells us (and this translates

to the aggregation of propositions and credences) that given a number

of minimally rational requirements / axioms on the aggregation rule, the

consistency and thereby rationality of the collective cannot be guaranteed.

This means, in turn, that to ensure collective rationality, aggregation rules

need to drop some of the seemingly very plausible rationality conditions /

axioms. And, it will depend on the specifics of the aggregation problem

which aggregation rule will best achieve the goals for that specific situation.

Now, how does this literature relate to fragmentation? Sometimes, as

it will become clear throughout this dissertation, although it might be

epistemically rational to be fragmented, practical rationality will require

an agent to get rid of their mental fragments. This is a topic not discussed

much in the existing literature on fragmentation, because traditionally it is

assumed that, in any specific practical circumstance, at most one fragment

will be active at once. However, I will show in this dissertation that some

decisions or circumstances will require more than one fragment to be active

/ involved. Similar to the aggregation literature, if all fragments agree

on everything, it will be very easy base one’s practical decision on those

fragments, or the aggregate thereof. But if they agree, then one might

24In the formal framework of judgment aggregation, the axioms amount to the follow-
ing: Universal domain specifies the admissible inputs for the aggregation rule. Collective
rationality specifies the admissible output of the aggregation rule. Systematicity and
anonymity constrain the way the outputs are generated from the inputs. Systematicity
requires that the collective judgment on a proposition P only depends on the individ-
ual judgments on P , and not another proposition, say Q. And anonymity requires all
individuals to have equal weight in the aggregation (cf. List, 2012). The original set of
axioms put forward by Arrow are the following: Universal domain, ordering, the weak
pareto principle, independence of irrelevant alternatives, and non-dictatorship. They
roughly correspond to the former in the sense that they achieve similar goals.
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question the legitimacy of going fragmented in the first place for that agent,

as I will argue. If the fragments do not agree on everything, then it will

be more difficult to base one’s practical decision on those fragments. The

agent, then, sometimes, has to de-fragment in a way that ideally gets rid of

or somehow resolves the incompatible information the different fragments

might contain. To investigate how this can be done, I apply the social choice

and judgment aggregation apparatus to fragmented doxastic states. The

apparatus per se is not novel, but the application to fragmented agents is.

Here, what is being aggregated is not the opinions, beliefs or preferences of

multiple different individuals to create a group opinion, belief or preference.

But here, different fragments that all belong to the *same* individual agent

will be aggregated because some practical scenarios will demand for de-

fragmentation. Interestingly, however, not all scenarios will require de-

fragmentation. The preface paradox that I will discuss in the following

chapter will be such a case.

Not only is the application of social choice and judgment aggregation

novel in the context of fragmented agents, but the process of de-fragmentation

itself is a topic that is under-explored in the literature on fragmentation

and will be discussed in this dissertation.

2.5 Bayesianism

As already mentioned in the first part of this chapter, in addition to qual-

itative theories of justification, there are also quantitative or probabilistic

ones; of which Bayesianism is probably the most widely studied and famous

one.

The central idea of Bayesian epistemology is to use the mathematical

probability calculus to model agents’ degrees of belief or credences, as op-

posed to all-or-nothing beliefs that are studied in orthodox epistemology.

An example of an all-or-nothing belief could be: “Climate change exists”,

whereas an example of a degree-of belief, or a credence could be: “It is

really likely (say, 90%) that climate change will continue to increase”.
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Deductive logic is often taken to be the mathematical tool to model

full / rational belief. Full beliefs are the kind beliefs that an agent fully,

completely endorses. The probability calculus, on the other hand, is used

to model not fully endorsed beliefs – degrees of belief. An agent can have

a degree of belief (often referred to as “credence”) in a proposition that is

only 5 or 10 percent, but also 50 percent, or, in the limit, full endorsement,

i.e. 100 percent25.

Bayesian epistemology “can be described as the attempt to use an in-

tuitive but powerful tool – the probability calculus – for tackling long-

standing problems in epistemology and philosophy of science” (Hartmann

and Sprenger, 2010, p. 1f). It models degrees of belief or credences as

mathematical probabilities, where the probabilities are interpreted in a

subjective or epistemic sense, as opposed to objective (or combinatorial)

chances of an event.

Hartmann and Sprenger (2010) describe Bayesian epistemology as con-

sisting of four pillars; the axioms of probability, the Dutch book argument,

the principal principle, as well as the conditionalisation principle. I will

briefly explain what these pillars are, and then go on to elaborate on what

role Bayesianism plays for the research on justification in general, and for

the topic of this dissertation, fragmented justification, in specific.

Axioms of probability Bayesianism models degrees of belief or credence

using probability theory in the sense that a degree of belief or credence

function needs to satisfy the axioms of probability. Let W be a non-empty

set of possible worlds. Then, A is a so-called powerset algebra on W , i.e.

A is the powerset / set of all subsets of W . Informally, this means that A
contains all propositions (possible events) in W . Then c : A → [0, 1] is a

credence function iff it satisfies the following:

1) c (P ) ≥ 0, for all P

25There is a lot of research on how full / all-or nothing / qualitative belief and degrees
of belief / credences relate; cf. Leitgeb (2017) for a very influential account on how the
two cohere with each other.
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2) c (W ) = 1

3) For incompatible (mutually exclusive) propositions P and Q: c (P ∪
Q) = c (P ) + c (Q)

Dutch book argument Ramsey (1931) came up with the idea to ex-

plicate the concept of rational or irrational credence by referring to the

“standard economic conception of rationality – irrational [credences] would

cost us money if we let them guide our actions” (Hartmann and Sprenger,

2010, p. 2). According to Ramsey, whether or not a credence is rational

depends on whether we would be inclined to reject or accept bets based on

our credences.

Ramsey argues that sports events where bets are very common are not

the only occasion where betting is relevant in our lives. “[...] [A]ll our lives

are in a sense betting. Whenever we go to the station we are betting that

a train will really run, and if we had not a sufficient degree of belief in

this, we should decline the bet and stay at home” (Ramsey, 1931, p. 85).

Our credences are interpreted by Ramsey as dispositions to bet; and they,

under this interpretation, directly translate to the betting odds that can

be considered fair26.

But how does rationality play into this picture? How do we know that

the rational credences are those that correspond to fair betting odds? That

is what the Dutch book theorem tells us. It says that if our credences violate

the axioms of probability, then the betting odds that are implied by our

credences cannot be fair, and that, based on these resulting unfair betting

odds, it would be possible for our opponent in the bet to make a risk-free

gain on us by offering us a set of bets based on our betting odds (a so-called

Dutch book). And this is why our credences, then, could not have been

rational in the first place27.

Notice how this means that the notion of (epistemic) rationality of an

26There is an isomorphism, a structure-preserving one-to-one mapping, between cre-
dences and betting odds

27Proofs of the Dutch book theorem can be found in eg. Kemeny (1955), or Skyrms
(1980).
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agent is directly tied to whether the agent is practically rational in the

sense of whether their betting odds can be turned against them or not.

Principal principle The next pillar of Bayesian epistemology is the prin-

cipal principle (Lewis, 1980 / 2010). This principle tells us how to deal with

events where objective chances can be established, such as combinatorial

games (eg. Nim28), or also the throwing of a dice, as opposed to events

where objective chance cannot be known or established.

Lewis states that if an agent knows the objective chance of a proposition

P to be equal to c, then, as long as they have no “overruling information”,

then their subjective credence in P must be equal to the objective chance

of P .

Together, the axioms of probability, the Dutch book theorem, and Lewis’

principal principle establish the static / synchronic dimension of Bayesian

epistemology.

Conditionalisation Conditionalisation is Bayesianism’s fourth pillar, and

deals with the dynamic / diachronic aspect of credences. Conditionalisation

tells us how agents should update their credence functions if they receive

new information. According to conditionalisation, the appropriate credence

in a proposition P can be arrived at by taking the conditional probability

of that proposition P , given the new piece of information, E (c (P | E))29.

Together, the axioms of probability, the Dutch book theorem, Lewis’

principal principle, and the conditionalisation rule make up the corner-

stones of Bayesian epistemology30 .

28Two players take turns removing (or “nimming”) objects from a distinct heap of
objects. On each turn, a player must remove at least one object, and can remove any
number of objects provided they all come from the same heap. The goal is to either take
the last object or avoid taking the last object.

29Using the Bayes Theorem, this conditional probability can be reformulated which
makes it easier to calculate in practice.

30The interested reader can find more information on Bayesianism and Bayesian epis-
temology in, eg. Bovens and Hartmann (2003), or Sprenger and Hartmann (2019).
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2.5.1 What does this have to do with this disserta-

tion?

But what does this have to do with the project of this dissertation, which

is fragmented justification?

Firstly, as already explained, in addition to the qualitative accounts of

justification in orthodox epistemology, there also are quantitative / value

property accounts of justification of which Bayesianism is the most fa-

mous and widely used one. One might wonder, where in the four pillars of

Bayesian epistemology, does justification play a role? How is Bayesianism

a theory of justification?

Bayesianism provides the tools to come up with many different notions

of justification; often referred to as confirmation measures (cf. eg. Fitelson,

1999). I will provide an overview over those different notions of justification

within Bayesianism in chapter 5.

Now, similar to qualitative accounts of belief in epistemology, also for

Bayesianism, there has been criticism that the account is highly norma-

tively demanding. For example, the problem of logical omniscience is also a

problem that Bayesianism faces. Similar to the fragmentation movement in

qualitative epistemology, researchers have come up with Bayesian versions

of fragmentation (cf. Elga and Rayo, 2021, Elga and Rayo, 2022, Fleisher,

2023). However, Bayesian accounts of fragmentation are a much less studied

subject than qualitative versions of fragmented belief. In this dissertation,

I will provide a very general framework of fragmented Bayesianism as a

theory of fragmented justification. It will be much more general than ex-

isting accounts of fragmented Bayesianism. And I will talk about a list of

parameters that orthodox Bayesianism exhibits that can, each, be chosen

to be fragmented or not, and depending on one’s choices on the fragmenta-

tion of these parameters, the resulting version of fragmented Bayesianism

will be more or less intensely fragmented, i.e. more or less close to ortho-

dox unfragmented Bayesianism. It is important that this dissertation, in

addition to the qualitative account of fragmented justification developed in

chapter 3 and 4, also provides a quantitative account of fragmented justi-
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fication which can be found in chapter 5. I will also give an inductive risk

argument for fragmented Bayesianism, and compare the Bayesian version

of fragmented justification to the qualitative account I develop earlier in

this dissertation.

2.6 Imprecise probabilities

This is the last topic that needs introduction. Unlike orthodox Bayesians

who think that one can / should model an agent’s belief state by way of one

single credence function that assigns precise credences to each proposition

the agent can entertain, imprecise probability theory argues that sometimes

there are propositions to which agents cannot (or should not) assign precise

credences. Proponents of imprecise probabilism argue that, sometimes (or

even often), agents might not have enough evidence or the evidence might

not be conclusive enough to assign precise credences to all propositions.

For example, take the proposition that it will snow on the 1st of January

2027 in Munich. You may have a rough idea, but even given evidence

about the weather on the 1st of January in past years, it seems difficult to

assign a precise credence to this proposition. Still, it the evidence might

be good enough h to say something about one’s credal state towards that

proposition, instead of suspending judgment completely. For example, you

might know that snow is quite likely in January in Munich, so you might

want to assign a credence above 0.5, but beyond that lower limit, you might

not be sure what exact credence to assign.

The idea of imprecise Bayesianism is that it is rationally permissible

that, in such cases, one’s credence is not a precise number, but rather an

imprecise range of credences between an upper and a lower bound. Versions

of this idea have been developed by Keynes (1921), Levi (1974), Jeffrey

(1983), Kaplan (1983), Kyburg (1983), Gärdenfors (1988), Joyce (2005),

Levi (1974), and R. Bradley (2009).

Formally, this is achieved by way of allowing an agent’s belief state to be

represented not by one credence function, but instead by a set of multiple
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credence functions. The interpretation of this formalism is – canonically –

as follows: If all individual credence functions agree on what (exact) cre-

dence to assign to a proposition P , then the overall credence of the agent

in that proposition is precise, it is exactly the credence that all individ-

ual credence functions agree on. But if the individual credence functions

disagree over what credence to assign to a specific proposition (i.e. they

assign different credence values to the same propositions), then the overall

credence of the agent in that proposition is imprecise; and amounts to an

interval of credences, with the lowest assigned credence by any individual

credence function as the lower bound and the highest assigned credence by

any individual credence function as the upper bound.

Within the imprecise probability literature, there are two camps with

respect to the preferred answer to the question whether it can happen that

rationality requires imprecision. Joyce (2005) argues that one’s credences

should never be sharper or more precise than one’s evidence requires, and

that if the evidence does not require or permit a precise credence, then

assigning imprecise credence is rationally required (cf. Mahtani, 2019).

The other camp argues that it might sometimes be rationally permissible

to assign to have imprecise credences, but can never be positively rational,

or rationally required.

The reason for introducing the topic of imprecise probabilities is that

the formal framework of imprecise Bayesianism is extremely similar to the

formal skeleton of accounts of fragmented Bayesianism. They also share

motivations, as well as some related discussed topics in the respective liter-

ature streams. However, the literature streams do not relate to each other

at all. Therefore, in chapter 6 of this dissertation, after developing my ac-

count of fragmented Bayesianism, I will compare the accounts of imprecise

Bayesianism and fragmented Bayesianism, and comment on and evaluate

their similarities and differences.
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2.7 Additions to the literature

I will now provide an overview over what additions this dissertation will

provide to the respective streams of literature just presented.

2.7.1 On justification

This dissertation provides a novel account of fragmented justification. The

account will be an addition to the literature on justification, since existing

orthodox accounts of justification are all such as evidentialism and reliabil-

ism, are non-fragmented and are also implicitly based on a non-fragmented

picture of rationality. The account of fragmented justification that I will

develop in this thesis will be an attractive account to choose, should one

commit to a fragmentation picture of belief, and of rationality more broadly.

I will exemplify how existing accounts of justification are based on a

non- fragmented epistemology using evidentialism and reliabilism as two

prominent case studies of traditional accounts of justification.

Evidentialism is often thought of as the default or common sense account

of justification. As already explained, it requires one to have good reason

for believing in a proposition to, in fact, be justified in believing it. There

being many different options for precisely spelling out this account, a stan-

dard formulation of evidentialism can be found in Conee (2004): “Doxastic

attitude D toward proposition P is epistemically justified for an agent S

at time t if and only if having D toward P fits the evidence that S has

at t.” Evidentialism is most commonly conceived as a coherentist account

of justification. Coherentism about justification is the view according to

which justified belief is structured like a web, and the justification of belief

should be understood in terms of the way in which the proposition believed

coheres with other believed propositions.

Recall also that (process) reliabilism on the other hand makes the jus-

tification of a belief depend on the reliability of the process producing or

causing it (see i.e. Goldman, 1979). According to Goldman (2012)’s pro-

cess reliabilism, reliability “consists in the tendency of a process to produce
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beliefs that are true rather than false”. Reliabilism is usually conceived as

a foundationalist theory. Foundationalism about justification is the view

that justified beliefs / the justification of belief is structured like a building;

they are divided into a foundation (consisting of basic beliefs which are not

justified by any other beliefs) and a superstructure (consisting of non basic

/ inferentially justified beliefs). For reliabilism, this means that for a basic

belief to be justified, it needs to result from a reliable belief-independent

process. And a non-basic belief is justified if it results from a conditionally

reliable belief-dependent process.

I will now argue for why any coherentist or foundationalist theory about

justification, and thus evidentialism and reliabilism as examples from the

two camps, is not based on a fragmented picture of rationality. For ev-

identialism as a coherentist theory, any (justified) beliefs ought to be a

member of one singular all-encompassing web of beliefs which needs to be

coherent, at least consistent. What justifies beliefs, here, is they way in

which each belief relates to other beliefs in this coherent set. Whether a

belief is justified or not is thus a global question – it can only be answered

looking at its status in the total belief web. This leaves no room for frag-

mentation, because for fragmentation, the total belief set would need to

be allowed to be split up in smaller belief sets which might contain cross-

fragment inconsistencies. And then, the question about the justification

status of belief would not necessarily be a global one. An implicit assump-

tion that is made by coherentist theories of justification and evidentialism

more specifically, is that it is impossible to have equally good reasons or

evidence for a proposition P as well as its negation ¬P at the same time31.

31Permissivism is a sub-account of evidentialist theories of justification that, one might
argue, is based on a fragmented picture of rationality, which would refute the argument.
Permissivism is commonly referred to as the thesis that a source body of evidence can
permit more than one rational doxastic attitude towards a certain proposition (cf. Jack-
son and Turnbull, 2024). Strong versions explicitly allow for the rationality of cases
where an agent rationally believes a proposition P given a set of evidence, where it is
consistent with the agent being fully rational and possessing the same set of evidence,
and believing ¬P instead (cf. White, 2005). There are two main reasons for why,
although this may sound similar to fragmentation, permissivism is not a fragmented ac-
count of justification. First, for permissivists, justification or support is not fragmented.
Although a certain body of evidence might support different and potentially opposing
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Let me turn to foundationalist theories and reliabilism as an example of

a foundationalist theory of justification. Recall that for foundationalism,

all non basic justified beliefs are somehow derived, potentially via other

non-basic justified beliefs, or from basic or foundational justified beliefs. It

is not specified what exactly is intended by the term of a “derivation” –

i.e. whether it should be interpreted in a strict sense of classical logic or

whether a more loose interpretation would also be possible. However, even

if a more loose interpretation is possible, a minimum requirement must be

that the beliefs that are (directly or indirectly) derivable from each other

must be consistent with each other. If they were inconsistent, it would be

hard to imagine how they could be in principle derivable from each other.

But what about the basic beliefs that the derived beliefs are based on:

Do they need to be consistent with each other? If one assumed there to

be more than one basic belief and cross-derivation to be possible (i.e. that

it is possible that a belief B rooting from basic belief P could be derived

via a series of beliefs that originate in a different basic belief Q), then it

makes sense to assume that all basic beliefs should be consistent with each

other, too. In the special case of not multiple but just one basic belief,

the question whether basic beliefs ought to be consistent would become

redundant. Furthermore, if cross-derivation is possible, this then makes it

conclusions, this does not render justification per se fragment-relative. For permissivists,
there is one big unified doxastic state, within which different attitudes towards the same
proposition may be equally rationally permissibe. But all these attitudes would “live”
within the same unfragmented unified doxastic state. Of course, the permissivist then
needs to tell a story about how an agent can entertain equally well justified doxastic
attitudes towards potentially inconsistent propositions within one doxastic state which
is traditionally viewed to have to be consistent in order for the agent to qualify as ra-
tional. One attractive option to do so would be to adopt a weaker logic, or to, indeed,
go fragmented, but permissivism as such does not assume any kind of fragmentation,
neither of justification, nor belief or rationality. Fragmentation would be attractive to
combine with permissivism, since it could tell a story about why it can be rational for
an agent to have conflicting doxastic attitudes beyond merely saying that the body of
evidence is “weak” enough to permit it. Secondly, often, permissivism is spelled out in a
way such that the multiple and potentially conflicting doxastic attitudes that an agent
may have towards a proposition given a body of evidence cannot be held at the same
time. Most versions merely state that it can be equally rational to believe eg. either P
or ¬P given that body of evidence, but it would not be rational to believe both at the
same time.
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necessary that all basic and non-basic beliefs ought to be consistent with

each other.

It results from these considerations that, as for coherentism, for foun-

dationalism, the total hierarchy of basic and non-basic beliefs should be

consistent. If inconsistencies are not possible, this is a strong argument

against this account being based on any kind of fragmentation picture.

Furthermore, again, the question whether a specific belief is justified or

not, is a global question. It cannot be considered in a specific isolated

context or fragment of the belief hierarchy, instead, the entire justification

history of this belief might need to be considered, and is, at least, relevant

to the justificatory status of the belief in question. As for coherentism, the

traditional view of foundationalism is not fragmented.

However, this does not mean that either coherentism or foundational-

ism might, in principle, cannot be compatible with a fragmentation – i.e.

that one could not come up with a fragmented version thereof. In fact, my

account of fragmented justification will have both, a foundationalist, and a

coherentist dimension. Here, I am making the weaker claim that the origi-

nal versions of coherentism and foundationalism, and thereby evidentialism

and reliabilism, are based on a non-fragmented picture of justification, be-

lief, and rationality more generally.

One might argue, trying to refute my argument, that there are contextu-

alist accounts of justification present in the literature and that they could

be interpreted as versions of a fragmentation account of justification. And

therefore, one might argue that fragmented accounts of justification, im-

plicitly, have already been part of the literature. A contextualist account

of justification was first presented by Annis (1978), other versions are by S.

Cohen (1999) or Wedgwood (2008). As already explained, these accounts

of contextualism about justification are traditional in the sense that they

are semantic in nature. This means that the content and truth conditions

of the term “justified belief” change from context to context. According to

Annis’ original account, the issue context of a claim is of central importance

for determining whether or not they are justified in believing that claim,

since it determines “the level of understanding and knowledge required” (p.
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215) for justification. So, in some contexts stronger notions of justification

hold than in others. The second constituent of his account is the ability

of the agent to meet objections by an appropriate objector group made of

critical truth-seekers. In this way, his account, besides being contextualist,

also has a social dimension. For example, if the claim is about climate

science, then the appropriate objector group might be climate scientists.

Basically, this condition amounts to a “no defeaters” condition, accord-

ing to which the claim should not be undermined by any counter-evidence

the objector group might possess. S. Cohen (1999) and Wedgwood (2008)

go in a similar direction, claiming that there are different standards for

justification in different contexts.

While such a traditionally contextualist account of justification is com-

patible with fragmentation, this kind of contextualism should not be con-

fused with fragmentation for the following reasons. The contextualism

employed in those account is of a semantic kind. The content and truth

conditions of the term “justification” change from context to context. This

will not be the case for fragmentation about justification – here, the se-

mantics of the term “justification” remain constant. What changes from

fragment to fragment are the agent’s epistemic and non-epistemic circum-

stances, but not the semantics of justification. Furthermore, fragments

and contexts are not the same thing. Fragments are mind-dependent en-

tities – fragments are ways for an agent to separate information, whereas

the term “context” usually has both a mind-dependent as well as a mind-

independent dimension (aspects of the context can also be “out there in the

world”, for example, a seminar room could (partially) constitute a context).

For the reasons just presented, although there are contextualist accounts of

justification already present in the literature, they are not fragmentation

accounts of justification.

Given the vast and growing literature on fragmented belief and rational-

ity, my account provides the advantage that it is a natural choice, should

one want to commit to a fragmentation picture of belief and rationality.

This is not to say that any unfragmented account of justification already

present in the literature is per se incompatible with fragmented accounts of
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belief and rationality, but that it might be desirable to add an account of

fragmented justification to the literature on fragmented belief, knowledge

and rationality.

2.7.2 On fragmentation

This thesis will add to the literature on fragmented epistemology a quali-

tative (non-probabilistic), as well as a quantitative (probabilistic) account

of fragmented justification, in addition to the already existing accounts of

fragmented belief and fragmented knowledge.

The following chapter 3 can be viewed as developing the skeleton and

central idea of an account of fragmented justification. And it is a case

study; it showcases how this novel account can provide a new and attrac-

tive solution to one of the central paradoxes of epistemology, the preface

paradox (Makinson, 1965). Unlike existing solutions, this solution employs

the central concept involved in the paradox – justification. First, I present

the original paradox, and recall a prominent family of solutions to it – solu-

tions that make use of fragmentation accounts of belief. I argue that, while

fragmented belief solutions go in the right direction, what does the work

in this paradox is not belief but justification. I then present my account

of fragmented justification. I show how it solves the preface paradox in a

novel way and I provide reasons for why it is a good solution. In particular,

I will show how this account of fragmented justification and solution to the

paradox outperforms other solutions, but also how it manages to provide

a rationality argument for fragmented belief accounts and corresponding

solutions to the paradox.

The upshot of my qualitative account of fragmented justification is that

the justification relations that hold between pieces of evidence and the

propositions they support are fragment-relative. And, fragments will be

plausibility orderings over possible worlds.

Then, chapter 4 develops a more full fledged account of qualitative frag-

mented justification, using this time not using the preface paradox but

a scenario from climate science as a motivating example for the account.
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Here, a scientific expert about climate science seems to be justified in be-

lieving an overall inconsistent set of propositions. The chapter explains how

the toolkit of orthodox epistemology is limited in dealing with situations

like this, and argues that fragmentation is a more appropriate strategy than

existing approaches to deal with (seemingly rational) inconsistent doxas-

tic states. The chapter provides a formalisation of this example. The

upshot of this formalisation is that justifications are represented via non-

monotonic fragment-indexed relations that hold between propositions that

need justification and evidence, where fragments are plausibility orderings

over the universe of possible worlds, W . It expands on a number of justify-

ing reasons for why fragmentation can be rational. It, also, develops some

precautionary norms of fragmentation. Finally, it concludes by explaining

how fragmented justification relates to belief, and argues that fragmented

justification is a novel rationality argument for accounts of fragmented be-

lief, and, furthermore, how one should go about de-fragmenting in light of

practical rationality.

In the last two chapters, 5 and 6, I develop a quantitative version of

fragmented justification – fragmented Bayesianism.

2.7.3 On Bayesianism

In this dissertation (chapter 5), I will develop a novel and general version

of fragmented Bayesianism that goes beyond the accounts of fragmented

Bayesianism that already exist (Elga and Rayo, 2021, Elga and Rayo, 2022,

Fleisher, 2023). This account will showcase all the options there are within

Bayesianism to go fragmented. It provides a list of parameters along which

the account can be made moderately or very fragmented, depending on

which and how many of those parameters one chooses to relativise to frag-

ments. It, furthermore, presents an inductive risk argument in order to

justify fragmentation. Lastly, I will compare the qualitative account of

fragmented justification I develop in chapters 3 and 4 with the account of

fragmented Bayesianism developed in chapter 5.
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2.7.4 On social choice and judgment aggregation

In this dissertation, I evaluate how fragmented justification relates to belief,

and practical rationality. As I will show, sometimes, but not always, will it

be necessary, in light of practical rationality, to do something about one’s

fragmented mental state. I will present and use the framework of social

choice and judgment aggregation as a tool to evaluate how to go about the

process of de-fragmentation.

This is novel for two reasons; the first is that this framework has hitherto

not been applied to the context of fragment-aggregation, and the second,

related reason is that the topic of de-fragmentation has not been discussed

much so far in the fragmentation literature. The reason for this is that, so

far, fragments have been presented in a way that only at most one frag-

ment will ever be relevant to a particular decision making problem, which

prevents de-fragmentation from ever becoming necessary, since, internally,

fragments adhere to traditional rationality norms and thus do not pose

threats to practical rationality.

I will challenge this. The way I present fragmentation and its benefits,

it can be the case that multiple fragments become relevant to a single de-

cision – this will sometimes require de-fragmentation on pain of practical

irrationality. I provide an analysis of how, if rationality requires, one may

get rid of fragmentation. I will argue along the lines of the famous inductive

risk argument by Rudner (1953) that the employment of non-epistemic val-

ues will be necessary in choosing an appropriate de-fragmentation strategy

in any specific circumstance.

2.7.5 On imprecise probabilities

There is an obvious connection between fragmented accounts of Bayesian-

ism and the imprecise probability framework – the underlying formal frame-

works are (almost) identical. In chapter 6 of this dissertation, I will explore

this hitherto unexplored connection between fragmentation and impreci-

sion, and delve into the similarities and differences between the two frame-
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works.
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Chapter 3

The Preface Paradox and

Fragmented Justification

This chapter presents a new solution to the preface paradox (Makinson,

1965). It makes use of a fragmented account of justification, and thus, un-

like existing solutions, employs the central concept involved in the paradox

– justification. First, I present the original paradox, and recall a promi-

nent family of solutions to it – solutions that make use of fragmentation

accounts of belief. I argue that, while fragmented belief solutions go in the

right direction, what does the work in this paradox is not belief but justifi-

cation. I then present my account of fragmented justification. I show how

it solves the preface paradox in a novel way and I provide reasons for why

it is a good solution. The upshot of my account of fragmented justification

is that the justification relations that hold between pieces of evidence and

the propositions they justify are fragment-relative.

Note that an article version of this chapter, at time submission to UB

München, after the defense of this dissertation, has been accepted (forth-

coming) for publication by Philosophical Studies – An International Journal

for Philosophy in the Analytic Tradition.
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3.1 The preface paradox

An author is about to publish a book on baby nutrition. She is an expert

on the topic and has done a great amount of research for this book. On the

basis of this research, she believes a large number of propositions A1,...,An

about baby nutrition and consequently publishes the sentences expressing

these propositions in her book. But in the preface of the book, she admits

that at least one of these propositions is false, thus that it is not the case

that A1,...,An are true. Therefore, she seems to be believing the following

inconsistent conjunction of propositions: A1∧A2∧ ...∧An∧¬(A1∧ ...∧An).

This “appears to present a living and everyday example of a situation [...

where] it is [...] rational to hold logically incompatible beliefs” (Makinson,

1965, p. 205).

Makinson argues for the rationality of a situation like this in terms of

the justifications of the author’s beliefs: The author is justified in believing

the propositions she expresses in the main part of the book because she has

done a great amount of research to support her claims; the propositions she

expresses in the book are well justified. But on the other hand, the author

also has justification that leads her to believe that not all propositions in

the book are true. The justification for this belief is that she has written

many books before and has always received corrections from readers and

reviewers; i.e. false propositions have been discovered after the books have

been published every time. But, even if this were her first book, she would

have justification for the preface proposition; namely, that she, as every

human, is fallible.

This original version of the paradox is entirely qualitative. Note that

Makinson does not talk about degrees of belief or credences. The paradox

can be rephrased in terms of credences and a number of solutions apply to

such reformulations of the paradox (cf. eg. Douven, 2002, Cevolani and

Schurz, 2017, Kauss, 2021). Here, I will stick to the original qualitative

version of the paradox.

Makinson solves the paradox by arguing that the author can rationally

believe each proposition in the book, including the preface proposition. But
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she cannot rationally believe the set containing all propositions inside the

body of the book and the preface proposition at once: {A1, ..., An,¬(A1 ∧
... ∧ An)}.

Since its first formulation, many different solutions besides Makinson’s

original one have been proposed. Many of them involve weakening or

denying closure under conjunction to block the problematic conjunction

A1 ∧ A2 ∧ ... ∧ An ∧ ¬(A1 ∧ ... ∧ An) from arising. One prominent way

of doing so is via fragmentation accounts of belief (cf. Cherniak, 1986,

Clarke, 2017, Leitgeb, 2017). The new solution that will be presented here

– fragmented justification – is related to fragmented belief solutions in that

it is a fragmented account, too. However, both the account of fragmented

justification and the solution it provides to the paradox will, firstly, exhibit

significant differences to fragmented belief. Furthermore, the new solu-

tion presented here, unlike existing solutions, will be able to capture the

fact that justification, and not primarily belief, is responsible for produc-

ing the paradox (specifically for the intuition that the author is rational).

Lastly, the account of fragmented justification will provide a rationality

argument for fragmented belief, and therefore increase the attractiveness

of fragmented belief solutions to the paradox.

The chapter will be structured as follows: I will first recall fragmented

belief solutions to the paradox. Then, I present the account of fragmented

justification. In the following solution section, I show how the account

solves the paradox. Finally, I argue that this solution is attractive, because,

unlike other solutions, it solves the paradox using the central concept for the

preface paradox – justification. A second argument for this account will be

that it provides a rationality argument for fragmented belief, and therefore,

indirectly, improves the attractiveness of fragmented belief solutions, which

is an additional benefit of the solution developed here.
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3.2 The fragmented belief solution

To later discuss and evaluate the differences between the solution developed

here and fragmented belief solutions, and to discuss the advantages the

account developed here has over fragmented belief, I now recall the central

points on fragmented belief and how it solves the paradox.

Traditional accounts of belief demand that an agent’s total set of beliefs

should be consistent and closed under logic (cf. eg. Quine, 1951, Cherniak,

1983, Fodor, 1983). If an agent does not adhere to these norms, they are

irrational.

This traditional picture is demanding. Real agents will almost never be

able to adhere to these strong norms (Rauhut, Thomas, and Ayres, 2001,

Bouton, 2004, Porot and Mandelbaum, 2020, Bendaña and Mandelbaum,

2021). This is not necessarily problematic, one might argue, because this

normative picture does not have to be descriptively adequate. And more-

over, it might be accurate that real agents are just not rational, fallible,

make mistakes, and rarely believe in all the consequences of their beliefs.

But, what does seem problematic about traditional accounts is this: It

classifies as irrational even highly epistemically able agents which seem to,

in fact, be rational, although they might fail to adhere to these traditional

rationality norms. An example of such a situation is the preface paradox –

the reason why the paradox arises is that although orthodox epistemology

classifies the author as irrational, the author seems rational nonetheless.

In response to these traditional accounts, a number of philosophers have

developed fragmentation accounts of belief, such as Davidson (1982b),

Lewis (1982), Cherniak (1983), Stalnaker (1984), Cherniak (1986), Egan

(2008), Rayo (2013), and Greco (2015). The central idea of such accounts

is to weaken traditional rationality postulates on belief while remaining

normatively significant enough to avoid rationalising agents making mis-

takes and thereby trivialising the notion of rationality. This is achieved by

relativising belief to fragments.

Fragments are independently accessible proper subsets of the agent’s to-
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tal set of beliefs (Bendaña and Mandelbaum, 2021)1. Formally, for these ac-

counts, beliefs are usually modelled as propositions (sets of possible worlds)

and belief-propositions are taken to be fragment-indexed, i.e. they don’t

hold generally, but only relative to a specific fragment. What changes from

fragment to fragment are the agent’s epistemic and non-epistemic circum-

stances, such as the subject matter or perspective (cf. Leitgeb, 2017).

The rationality norms of fragmented belief accounts are such that each

fragment, internally, has to adhere to traditional rationality norms, i.e.

remain consistent and closed under logic. But across fragments, these tra-

ditional norms do not have to hold (Borgoni, Kindermann, and Onofri,

2021). For example, if an agent believes A in fragment F1 and believes ¬A
in a different fragment F2, this can be rationally permissible assuming that

belief is fragmented.

Fragmentation accounts do not deny the rationality of an unfragmented

and overall consistent belief state. But they add the thesis that a frag-

mented belief state that might contain inconsistencies across fragments can

be rational, too2. Thereby, fragmented belief accounts claim that an agent

need not live up to the strict rationality standards that the traditional pic-

ture of belief imposes. An important question regarding this account is

whether a doxastic state fragmented in this way can indeed be rational. In

this chapter, I will argue that the account of fragmented justification will

provide a rationality argument for fragmented belief.

How does fragmented belief solve the preface paradox? Fragmented be-

lief solutions argue that the propositions that the author communicates,

respectively, in the preface and the body of the book, belong to two differ-

ent fragments. They do so on the basis of the difference in subject matters

of propositions in the preface and the body of the book. The preface is

about the author’s track record with regards to making mistakes when

publishing books or general human fallibility, and the body is about baby

nutrition. The author believes the preface proposition ¬(A1∧ ...∧An) rela-

1Sometimes, fragments are also modelled via partitions on W (cf. Leitgeb, 2017).
2For a discussion on the rationality of fragmented belief cf. Borgoni, 2021, Yalcin,

2021.
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tive to the preface fragment, and the propositions A1, ..., An relative to the

body fragment. Because closure under conjunction does not apply across

fragments, the inconsistent conjunction of these propositions is blocked.

The author remains rational believing each proposition involved relative to

the appropriate fragment.

Fragmented belief solutions to the preface paradox are attractive – by

relativising belief to fragments, they can explain how the author remains

overall rational while believing an inconsistent set of propositions. But,

there are two deficiencies of fragmented belief solutions. The account of

fragmented justification will, as I will argue, in contrast, not face them.

First, recall that Makinson argues that the main reason why the author

is rational in believing the propositions A1, ..., An as well as the preface

proposition ¬(A1 ∧ ... ∧An) is that every proposition is well justified. The

first deficiency of fragmented belief solutions is that the importance of the

justification for the propositions involved in the paradox is not adequately

reflected in these solutions. The fragmented belief solution primarily makes

use of the difference in subject matter between the preface and the body of

the book to justify the introduction of fragmentation within the author’s

belief set.

This deficiency holds not only for fragmented belief solutions. The cru-

cial role that justification plays in this paradox has not been discussed much

in the literature on the preface paradox at all3. The account of fragmented

justification will solve this deficiency of existing solutions, and specifically

fragmented belief solutions, by providing a solution to the paradox that

keeps the attractive features of fragmentation, but makes use of the con-

cept of justification. I will argue that that what should be fragmented and

does the main work in both rationalising and solving the paradox is not

primarily belief, but justification.

3The only exceptions are the following: It is discussed indirectly within quantitative
reformulations of the paradox in terms of coherence between belief and degrees of belief
(cf. Moser and Tlumak, 1985). It is also discussed by Williams (2021) within a more
qualitative context, who argues that rationality requires one to sometimes hold beliefs
in jointly inconsistent but justified propositions. However, here, justification (in terms
of evidence) only plays a peripheral role.
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And second, an important question regarding the account of fragmented

belief, and thereby about the solution it provides to the paradox, is whether

being fragmented with respect to belief can indeed be rational. The solution

hinges on the thesis that the author’s fragmented belief state is rational.

But this requires argument. The second deficiency of fragmented belief so-

lutions is that it does not provide a strong argument for why fragmentation

is rational in the context of the preface paradox.

The account of fragmented justification will solve this issue by provid-

ing a rationality argument for fragmented accounts of belief. This will

strengthen fragmented belief solutions. Thus, besides providing an inter-

esting solution by itself, the account of fragmented justification will be able

to boost the credibility of fragmented belief solutions, which is another

benefit of this account.

3.3 Fragmented justification

In this section, I present a sketch of an account of fragmented justification,

focusing on the aspects relevant for solving the paradox. One may view this

chapter as a case study that is the starting point for a fuller development

of an account of fragmented justification.

Let W be a non-empty and finite4 set of possible worlds5. Let E1, ..., En

as well as A1, ..., An be propositions in the standard possible worlds sense

(Stalnaker, 1978, Stalnaker, 1999); i.e. sets of possible worlds. A propo-

sition, E, or A, is true at a world w just in case w is an element of E or

A. E1, ..., En are pieces of evidence. A1, ..., An are the propositions in need

of justification6. Fragments are modelled via total plausibility pre-orders

≤1, ...,≤n on the set of possible worlds W – they order the worlds in W

4For reasons of simplicity.
5I use a possible worlds setup in my account, since it is a standard practice in mod-

elling propositions and varieties of doxastic attitudes.
6This distinction is terminological and for ease of exposition – it might well be that a

proposition that plays the role of a piece of evidence E, itself is in need of justification,
and therefore is an A-proposition, too
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from most to least plausible7.

Then, let |∼≤1 , ..., |∼≤n, be fragment-indexed non-monotonic justifica-

tion relations that connect one or many piece of evidence E1, ..., En with

a proposition A that they justify. These formal structures represent what

we will conceive of as different fragments. “E |∼≤i
A” is true iff in all most

≤i-plausible worlds in which E is true, A is true. ≤i-plausible worlds are

those worlds that are the most plausible according to the plausibility or-

dering ≤i. If “E |∼≤i
A” holds, then one can say that A is justified by E in

the fragment corresponding to the ordering ≤i.

Justification relations can be thought of as a qualitative way of modelling

(Bayesian) absolute confirmation, as opposed to (Bayesian) incremental

confirmation. By being fragment relative, different justification relations

will underlie different plausibility orderings which will make it possible that

a certain justification relation may hold between two propositions E and

A in some fragment, but not in a different one.

Note a few things about this account.

This account of justification can be thought as a hybrid account of jus-

tification. Evidence plays an important role, so it has an evidentialist

dimension, but evidence is not all that is required for a proposition to be

justified. What makes a proposition justified is whether or not the evidence

stands in an appropriate relation to that proposition8.

Then, note that what is fragment-relative, here, are justification rela-

tions |∼≤, and not propositions E or A. This is one aspect that significantly

distinguishes this account from fragmented belief accounts, where beliefs

7Plausibility orders are pre-orders that are reflexive, transitive and total. For the
present purpose, an intuitive understanding of these orderings will be sufficient. These
kinds of orders are taken from two sources of inspiration. The first is the AGM belief
revision literature (cf. Alchourrón, Gärdenfors, and Makinson, 1985, Grove, 1988),
where it has been shown that the classical belief revision operator, ‘*’, can be represented
via total plausibility pre-orders. The second source is the literature on non-monotonic
reasoning surrounding Kraus, Lehmann, and Magidor (1990) and Lehmann and Magidor
(1992).

8The account is compatible with foundationalism, because it assumes that some
propositions are more foundational than others; some serve the role of justifying another
proposition, and others are in need of justification. It is also compatible with a version
of coherentism, since it requires local (intra-fragmentary) coherence.
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– modelled as propositions – are fragment relative, and where fragments

are unordered subsets of W (sometimes also partitions of W ). Here, in-

stead, fragments are plausibility orderings over W , and propositions are

not fragment-relative, but instead, justification relations are.

Next, because the justification relations are non-monotonic, it can hap-

pen that “E |∼≤A” holds, while E, taken together with, say E ′, renders

the justification relation invalid. This “new” piece of evidence E ′ would,

then, be called a “defeater”. The possibility of this happening is formally

represented via a non-monotonicity property of the justification relation.

I assume non-monotonicity because I assume justification to be defea-

sible. One of the main drivers for accounts of fragmented belief, and the

account of fragmented justification I develop here, is the desire to provide

models of doxastic attitudes that remain attainable for real agents while

remaining normatively significant. I take defeasibility to be an essential as-

pect of justification in science and “in real life”, which is why I incorporate

it into the account. Unlike defeaters, there can also be neutral pieces of

evidence, E ′′ that could be added to a valid justification relation, E |∼≤A,

such that the relation remains valid, E,E ′′ |∼≤A, but the neutral piece

of evidence E ′′ by itself would not suffice to establish the relation, i.e.,

E ′′ |∼≤A, would not hold. A neutral piece of evidence could be a propo-

sition that is about something entirely unrelated, or a tautology. Whether

or not adding a piece of evidence changes the validity of the justification

relation depends on the specifics of the plausibility pre-order.

Moreover, intuitively, a fragment / plausibility ordering over W can be

thought of as the background information that an agent is operating on

in a specific circumstance. Given different background information (may

include things like methodological standards, sources of information, stakes,

research data on a specific subject matter that is salient/known to the

agent etc.), I will argue that different propositions can become more or less

plausible in different fragments.

Next, accounts of fragmented belief usually take fragmentation to have

to do with lack of information. Note that here, the plausibility orderings

always order all possible worlds, W (they are total). In this sense, infor-
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mation is not restricted here, because each fragment orders not over proper

subsets of W , but over the entirety of W . The reason for this modelling

choice is that the preface paradox will be a case where fragmentation is

warranted, but not because there is a lack of explicit information for the

author. For the present account, information is restricted in a different way,

by allowing for different background information to be operated on in dif-

ferent fragments. This means that it is not the set of propositions available

to the agent that changes from fragment to fragment, but what changes is

how plausible those propositions are, given different sets of (non-explicit)

background information.

The last point is that, for this account to remain normatively significant

there have to be some rationality constraints on fragments: Each fragment

needs to remain consistent and closed under logic (i.e. adhere to traditional

rationality norms), while cross-fragment inconsistencies are allowed and

closure under logic does not have to hold across fragments. This means

that it can be rational for some proposition A to be well-justified with

respect to some fragment, but not with respect to some other fragment.

This would not be allowed using traditional rationality norms.

Probably the most important question about this account is how the

different plausibility orderings come to exist and how it can be rational to

have multiple different plausibility orderings over the same set of worlds,W .

In other words, why would it be rational to operate on multiple different

sets of background information? I will answer this with the help of the

preface scenario.

3.4 The solution

I will now present how the account of fragmented justification solves the

paradox. I will first present the solution and then explain how it works.

The account of fragmented justification solves this paradox by relativis-

ing justification to fragments – a preface fragment, ≤P , and a body frag-

ment, ≤B. Within the preface fragment ≤P , there is a valid justification
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relation in support of the preface proposition ¬(A1 ∧ ...∧An) that is based

on the evidence E the author has in support of the preface proposition:

E |∼≤P
¬(A1 ∧ ... ∧ An). The evidence for the preface proposition is that

the author has published books in the past and each time, mistakes have

been discovered later, or, that the author is fallible. Within the body

fragment, ≤B, there is a valid justification relation in support of the propo-

sitions A1, ..., An: E
′ |∼≤B

A1 ∧ ... ∧ An. The evidence E ′ supporting those

propositions is research the author has conducted on baby nutrition.

Note that unlike A1∧...∧An and ¬(A1∧...∧An), E and E ′ are consistent

– the proposition expressing the fact that the author is fallible / has made

mistakes in the past does not directly contradict any specific result of a

scientific experiment on baby nutrition.

Note also, as mentioned, that within fragments, closure under logic

holds. This is why, for the body of the book, the author has justifica-

tion for each individual Ai – for each Ai there is a justification relation

Ei |∼≤B
Ai, and by conjunction introduction: E ′ |∼≤B

A1 ∧ ... ∧ An
9.

Because the justification relations are relativised to two different frag-

ments, the preface proposition, ¬(A1 ∧ ... ∧ An), and the body proposi-

tions, A1, ..., An, are not justified within one and the same fragment. For

this to be the case, the preface proposition, ¬(A1 ∧ ... ∧ An), is not jus-

tified within the body fragment, while the body propositions, A1, ..., An,

are not justified within the preface fragment. Since closure properties do

not apply across fragments, the inconsistent conjunction of propositions,

¬(A1 ∧ ... ∧ An) ∧ A1 ∧ ... ∧ An, is not justified within any one fragment,

while the conjuncts, each are justified relative to a specific fragment. This

solves the paradox.

But there are a few questions that have to be addressed to make this a

convincing solution:

1. Why is it rational to entertain a preface and a body fragment, i.e.

two different plausibility orderings over W?

9Strictly speaking, some monotonicity (which does not hold generally) is needed here,
too. We can put together the pieces of evidence E1, ..., Ei, ..., En together by conjunction
to result in E′.
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2. Why is it that the preface and the body propositions cannot be jus-

tified within one single fragment?

3. Why can’t one get rid of the fragments to result in an overall consis-

tent doxastic state?

4. There should be limits to fragmentation on pain of irrationality. What

should those limits be?

5. Is this an account of rationalising mistakes?

6. How does this solution differ from fragmented belief solutions?

I will now go through each of these questions and answer them.

Question 1 Why is it rational to have a preface and a body fragment,

i.e. two different plausibility orderings over W? I will now argue for why

it is rational to introduce a preface and a body fragment in a situation like

this.

First of all, before arguing why this specific way of fragmenting infor-

mation is rational, let me argue for why fragmentation makes sense in this

kind of scenario in general. Fragmentation can be viewed as a strategy

to deal with overall inconsistent information where there is no prima facie

reason to give up either piece of information. We should not give up the

preface proposition, because it is well justified, but we also should not give

up the body propositions, because each of them is well justified. Given such

a situation, traditional methods for dealing with inconsistent information,

such as suspension of judgment or belief revision, are unsatisfactory, be-

cause they would force one to give up some justified proposition to rectify

the situation. But there is no reason to give up either proposition.

Fragmented justification is a new way of dealing with such situations

that reflects that the reason the situation arose is that each proposition is

well justified, and that allows to keep all propositions within one’s doxas-

tic state, while getting rid of the outright inconsistency – by relativising

justification to fragments.
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Now, why does it make sense to split into a preface and a body fragment

with respect to justification? There are a few different factors that make it

rational to fragment in this situation, i.e. that make it rational to have two

different plausibility orderings over W . These are the factors that guide the

fragmentation process: Subject matter of the pieces of evidence, sources of

information, the stakes, the type of questions it is appropriate to ask about

any given proposition, as well as uncertainty / defeasibility. These factors

and how their manifestations differ for the preface and the body parts of the

book will justify operating against different sets of background information

in each part of the book. And they will be the reason why it is rational for

the author to have two different plausibility orderings over the same set of

possible worlds W , and thus, why it is rational to fragment.

These are guiding principles for the individuation of fragments which I

will go through now in the context of the preface paradox as a case study.

The goal for further work will be to develop an explicit set of norms for

the individuation process of fragments, i.e. when and how an agent should

fragment, generally and independently of the preface scenario.

First, for the body part of the book: The subject matter of the evidence

E ′ is baby nutrition – specifically results of scientific experiments and the

like that are able to support the body propositions A1, ..., An. The sources

of the information in the body of the book are scientific data, such as ex-

periments. Furthermore, for the body of the book, it is appropriate (for

the author or reader) to ask questions about the support / justification of

the claims the author makes in the book. This type of justification can

be interpreted as first-order justification – it is directly about the subject

matter of the book – baby nutrition. Furthermore, in general in data based

sciences, but especially here, because the number of propositions A1, ..., An

communicated in the body of the book is large, there is uncertainty in-

volved. Each proposition is well-justified, but justification is defeasible. It

might be that in some time, there author will learn there to be a defeater to

undermine the justification of one of the propositions A1, ..., An, although

all of them are perfectly justified right now.

Let us turn to the preface part of the book: The subject matter of the
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evidence E justifying the preface proposition ¬(A1 ∧ ... ∧ An) is not baby

nutrition as in the body of the book, but the author’s track record with

regards to making mistakes / her fallibility. It is not any specific result

of a scientific experiment or the like, as it was in the body of the book.

The source of information, here, is not any particular piece of scientific

evidence that may defeat a justification relation the author establishes in

the main part of the book, it is rather, inductive evidence in terms of her

track-record with regards to previously published books / her fallibility.

Here, the stakes change for the author in comparison to the body part of

the book. She takes a step back and becomes more cautious about the

claims she makes in the body part of the book, because she is aware of the

defeasibility of justification, which is why she communicates the preface

statement.

Furthermore, for the preface part, it is not appropriate (and does not

make any sense) to ask about the support / justification of any individual

claim made in the book – such as “Bananas are good baby food”. The

preface fragment is not the place where the reader learns about baby nu-

trition and the (first-order) justifications the author provides in support of

her claims – the reader learns about this in the body part of the book. In

relation to the preface, the reader may ask about the support / justifica-

tion for the preface proposition. This justification can be interpreted as a

kind of second-order justification, because it is not any individual piece of

scientific evidence about baby nutrition as is the first-order justification in

the body of the book. Rather, the piece of evidence justifying the preface

proposition is about the author’s track record / fallibility more generally.

The justification relation that will validate the preface proposition within

in the preface part of the book cannot undermine or defeat any particular

justification relation established in the body of the book, since it is justifi-

cation of a different type. And again, uncertainty is relevant in the preface

as well. Because the author is aware that justification is defeasible, and

because she is aware that she is fallible, she comes to be justified in the

preface proposition.

One might think – why does it matter that in the preface and the body,
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respectively, there are different subject matters, different sources of infor-

mation, different stakes, different types of evidence relevant, and different

questions that are appropriate to ask. The answer to this question is that,

because this is the case, it becomes rational that the author communicates

an overall inconsistent set of propositions. It is because of these differences

that such a situation can be rational. These differences make it rational to

operate upon different sets of background information in the two different

fragments. These two sets are not compatible with each other, but both

are equally legitimate. Neither set of background information is better or

worse. But they are different, different enough to warrant fragmentation.

If all propositions involved had the same subject matter, the same source of

information, the same types of evidence involved, the same types of appro-

priate questions, and the stakes were equal, then why should one fragment?

In such a case, it would be very difficult to rationalise fragmentation, and

overall inconsistency.

These differences that are present here are factors that make it possible

to grant the rationality of inconsistencies, because they can be sources of

rational incoherence or inconsistency. But one might ask: Why do these

factors make fragmentation and overall inconsistency rational? The reason

is uncertainty. Uncertainty makes this situation rational. Uncertainty is

the reason why, given two different sources of information, different subject

matters, different stakes, fragmentation is warranted here.

What should one do in such a case? Randomly give up a piece of per-

fectly fine information (as orthodox epistemology would recommen), or

fragment until one knows more? One should fragment to be able to keep

the information that is well-justified. Forcing consistency without frag-

mentation would make one lose perfectly fine information which would be

epistemically defective. Fragmentation provides an opportunity to figure

out why the inconsistency arose in the first place, keep it if it is warranted

or eventually get rid of it if a defeater appears. But as long as there is no

defeater currently available, the author should keep all her information and

go fragmented. Of course, if there were only one source of information, this

source should better provide consistent information, otherwise one would
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doubt its trustworthiness.

Likewise, as it is the case here, it can be that an inconsistency arises

because the types of justifications and underlying subject matters (and

order type, first vs. second order) vary. Should one give up randomly

a perfectly fine piece of information or should one fragment? One should

fragment. Of course, if there were no different subject matters and different

orders (first vs. second order) of justification involved, then it would be

harder to argue why one should go fragmented.

In the body and the preface, the author operates on different background

knowledge; she uses different sources of information, the propositions rel-

evant to her have different subject matters and different orders (first vs.

second order), and she has different stakes associated with the preface and

the body part of the book, respectively. Testimony of these differences is

that there are different questions that one may appropriately ask in the

preface and the body of the book, respectively.

The different background knowledge the author operates on is reflected

in two different plausibility orderings / fragments. In the body fragment,

the claims the author makes in the body of the book and their respective

justifications have high plausibility, or, it is highly implausible that any

one of the claims she makes in the body of the book is false (i.e. that the

preface proposition is true). Why is this the case? Because, as Makinson

(1965) states in the original formulation, each claim the author makes in

the body of the book is highly justified. On the basis of the valid justifica-

tion relations in the body of the book, the preface proposition is not very

plausible. Formally, this means that in the body of the book, all worlds in

which all A1, ..., An are true are more plausible than any world in which (at

least) one proposition of the A1, ..., An is false.

In the preface fragment, taking on a different perspective; taking a step

back, because of the author’s track record / fallibility, it gets highly plau-

sible that there is some claim in the body of the book that is false. But

the justification for this claim is not any particular piece of evidence that

directly defeats a claim she makes in the body of the book, but her track

record and / or general human fallibility – i.e. second-order justification. It

126



is very important here, that the evidence justifying the preface proposition

cannot undermine any of the valid justification relations established in the

body part of the book.

Formally, this means that in the preface, all worlds in which (at least)

one of A1, ..., An is false are more plausible than any world in which all

A1, ..., An are true.

Question 2 Another point that has to be made clear for this solution to

be convincing is why it is not the case that ¬(A1 ∧ ... ∧An) ∧A1 ∧ ... ∧An

can be justified within one and the same fragment. Because if this were

the case, the solution would not work.

Recall first that pieces of evidence are not fragment-relative on this

account. Within the preface fragment, what actually holds is

E, (E ′) |∼≤P
¬(A1 ∧ ... ∧ An). E is about the author’s track record /

general human fallibility, while E ′ comprises the scientific evidence the

author has for her claims. The scientific evidence on baby nutrition, E ′,

does not suddenly become unavailable or implausible within the context of

the preface. But E ′ plays the role of a neutral piece of evidence in this

relation. It does not invalidate the justification relation for the preface

paradox, but it cannot justify the preface proposition by itself:

E ′ ̸ |∼≤P
¬(A1 ∧ ... ∧ An). E ′ – the justifications for the claims about baby

nutrition – does not undermine the preface proposition directly, however, it

cannot support it on its own, because it is not of the right type to be able

to support the preface claim. Scientific evidence on baby nutrition does not

justify the preface proposition. But E ′ is still accessible (and plausible) in

the preface fragment. This shows that the availability of evidence to the

agent is not bound to a particular fragment, but rather, that, what changes

is the “impact” evidence can have on justification relations, because their

plausibility rank may change in different fragments.

Similarly, in the body, what actually holds is: (E), E ′ |∼≤B
A1 ∧ ...∧An.

But again, E |∼≤B
A1∧...∧An alone does not hold. The reasoning is similar:

The fallibility / track record of the author, E, by itself cannot support the

claims the author makes in the body of the book, because it is not of the
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right type. What is needed to support the claims in the body are, for

example, the results of scientific experiments. But E is still accessible (and

plausible) in the body fragment – the availability of evidence to the agent is

not bound to a particular fragment. Pieces of evidence are available in any

fragment – it is just that different pieces of evidence can support different

claims in different fragments.

Based on this, one might object that if E and E ′ are in principle acces-

sible in all fragments, then it would also hold that E |∼≤B
¬(A1 ∧ ...∧An).

This would be a problem, since then, by closure under conjunction within

the body fragment, the paradox could not be solved since, then, what would

also hold is: E,E ′ |∼≤B
A1 ∧ ... ∧ An ∧ ¬(A1 ∧ ... ∧ An) (likewise for the

preface fragment), and this would mean that the account of fragmented

justification cannot solve the paradox.

But E |∼≤B
¬(A1 ∧ ... ∧ An) does not hold. The reason for this is that

according to the plausibility ordering of the body of the book, any world

in which the agent is fallible, i.e. where E is true, and where all A1, ..., An

are true is more plausible than any world where E is true and the preface

proposition ¬(A1 ∧ ... ∧ An) is true. Because the truth conditions of |∼≤

depend on truth in all most plausible worlds, E |∼≤B
¬(A1 ∧ ... ∧ An) does

not hold, since worlds in which E and ¬(A1 ∧ ... ∧ An) are true are not

among the most plausible worlds. Based on the strong justification in the

body of the book, it is more plausible that the author is fallible and did not

make a mistake than that they are fallible and did make a mistake. It is

only when one switches to the preface fragment, and thereby changes the

perspective from individual justification relations about baby nutrition to

general human fallibility, and thereby employs a different set of background

information, that worlds in which the author is fallible and one of A1, ..., An

is, in fact, false, are more plausible than worlds in which all A1, .., An are

true.

The justificatory “labour” is done in the preface by E (second-order

justification – the author’s track record / fallibility) and in the body by

E ′ (first-order justification – results of experiments, scientific data). The

author’s fallibility can neither justify nor invalidate any of the individual
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claims about baby nutrition she makes in the book, nor can the evidence

for the claims she makes in the book justify or invalidate the preface propo-

sition.

Question 3 Why can’t one get rid of the fragments to result in an overall

consistent doxastic state? One might argue that it must be possible to

dissolve the fragment-relativity of justification relations in some way, which

could be a threat to this solution to the paradox.

It is known from social choice theory, in particular, from Arrow (1950)’s

impossibility theorem, that (rational) aggregation of preferences is not pos-

sible given a number of prima-facie plausible rationality postulates10. In

the judgment aggregation literature (cf. Dietrich and List, 2016) the same

has been shown for the aggregation of propositions. This makes it plausible

to suspect that an instance of the same general result might hold for the

aggregation of fragments and their underlying plausibility orderings (to-

tal pre-orders) in the context of fragmented justification. Generally, if one

would like to merge different fragments / plausibility orderings nonetheless,

one will have to give up on certain prima-facie plausible rationality criteria.

But one might object that in the specific situation of the preface para-

dox, it could be possible and useful to find a suitable merging mechanism

to get rid of fragmentation. Note that this would not necessarily be an ob-

jection to a fragmented justification solution to the paradox – just because

fragmentation might be dissolvable, this does not render fragmentation per

se wrong, nor a fragmented justification solution to the preface paradox

uninteresting.

I will now go through some options for merging the two fragments ≤P

and ≤B in the preface scenario. Recall that the plausibility ordering for

the preface fragment ranks worlds in which the preface proposition is true

the most plausible and worlds where all A1, ..., An are true, and the preface

proposition false, as the least plausible. The plausibility ordering for the

body fragment ranks the worlds where all A1, ..., An are true the highest

10Such as anonymity, independence or universal domain. For an introduction to judg-
ment aggregation, cf. List and Polak (2010).
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and worlds in which the preface proposition is true the lowest. In order

words, the respective plausibility orderings for the preface and the body

of the book are mirror-opposites in terms of the ranking of worlds where

the propositions A1, ..., An and the preface proposition ¬(A1 ∧ ...∧An) are

true, respectively11.

The first potential option for merging the two fragments would be to take

the union of the two plausibility orderings. The first problem concerning

this option is that it is not clear what the union(-order) of two pre-orders is

supposed to be. Nevertheless attempting to take the union-(order) of these

orderings would result in there not being any gradation of plausibility at

all anymore – and thus there not being any interesting plausibility ordering

anymore, which would be a very uninformative outcome of the aggregation

process12.

Alternatively, one might want to merge by taking the intersection-(order)

of both orderings. Unlike for the union, the intersection of two pre-orders is

a defined notion, but the resulting order will only be partial. However, nev-

ertheless this option is in principle possible here, the result would be that

each world would be equally plausible with itself, but that there would be

no overall ranking across the different worlds anymore. Again, this seems

like an undesirable result of an aggregation process13.

Majority and unanimity aggregation procedures seem unfitting as well,

because what makes fragmentation attractive is that the plausibility order-

ings may look very different for such rules to be very difficult to apply. And

specifically, for the preface, since there are only two fragments, both would

need to look at least very similar for a majority or unanimity aggregation

11It could also be that the orderings are not completely opposed which would not sig-
nificantly change how this account solves the paradox, but would open up more options
for the aggregation of fragments. For expository purposes, I show how the aggregation
options turn out with the ordering explained above.

12For the interested reader: Let ≤1 be t ≤ u ≤ v ≤ w,and let ≤2 be w ≤ v ≤ u ≤ t.
Then, the union would result in t = u = v = w.

13For the interested reader: Let ≤1 be t ≤ u ≤ v ≤ w,and let ≤2 be w ≤ v ≤ u ≤ t.
Then, the intersection would result in each A,B,C and D being equally plausible with
itself, respectively, but there not being any overall plausibility ranking between t, u, v
and w.
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procedure to be applicable, which is not the case here.

Another option could be to use a variant of the Borda count (cf. eg.

Pacuit, 2019), by trying to result in an overall unfragmented doxastic state

through computing mean plausibility values for each world, across frag-

ments. However, this option does not work for pre-orders, since there are

no “plausibility values” attached to the different worlds in the orderings.

One might think that, one could still introduce values through coding or-

ders through numbers that one attaches to the worlds in the ordering. But

again, those numbers would be merely ordinal, and taking an average or

mean is not defined for an ordinal sequence like a pre-order.

After this brief survey, existing aggregation methods seem unpromising

for the preface paradox scenario. But, even if there were a suitable way to

merge fragments, it will not always be necessary. If the fragmented belief

state were to pose no problems for epistemic or practical rationality, why

should one get rid of fragmentation, if it is epistemically warranted?

In the preface case, it seems that the author’s fragmentation would not

necessarily pose any problems for epistemic or practical rationality. The

author is epistemically rational in entertaining the set of overall inconsistent

propositions within a fragmented doxastic state, and there seems to be

no problems for practical rationality either. Imagine a potential reader

of the book on baby nutrition – the fact that the total set of propositions

contained in the book is inconsistent is not a problem for her understanding

of the contents of the book. Through reading the book, she learns about the

author’s contributions in the field of baby nutrition while having in the back

of her mind that the author is fallible and that one of her claims might be

proven wrong later down the line. This is a perfectly fine situation for the

reader to be in, both in terms of epistemic as well as practical rationality.

Thus in the context of the preface paradox, one cannot sensibly and it

seems not necessary to de-fragment. Generally, and independently of the

preface paradox, the topic of (and the need for) de-fragmentation of justifi-

cation fragments is an interesting topic that should be further investigated.
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Question 4 There should be limits to fragmentation on pain of irrational-

ity. What should those limits be?

One might think that, maybe, the author should fragment more-fine-

grained than merely into a preface and a body fragment. One might want

to introduce many more fragments in the body of the book, corresponding

to chapters, sections or even paragraphs. One might argue for this by

saying that chapter 1 is, say, about baby nutrition for newborns, chapter

2 about baby nutrition for 3-12 month-old’s and so on. While the overall

subject matter of the body of the book would still be baby nutrition, this

could be made more fine-grained by distinguishing into different sub-subject

matters.

Let me explain why this would not be a good idea. Firstly, note that

dividing the body up into not one but many fragments would not change

anything about the preface fragment being an entirely distinct fragment

from any body-fragment(s).

Secondly, and more importantly, introducing more fragments than the

two already introduced would not be a good idea. The reason for this is

that fragmentation comes with benefits and costs and the more fragments

are introduced, the more the costs will outweigh the benefits. One benefit

of fragmentation of justification is that it is able explain why the author

is rational in entertaining an overall inconsistent set of propositions. It

allows agents to retain and sort overall inconsistent information within

their doxastic state without immediately being required to get rid of it.

However, fragmentation does come with costs. First, the author as well

as a potential reader of the book would most likely want to be able to draw

inferences within the book. Since inferences can only be drawn within

but not across fragments, the more fragmented the author becomes, the

more difficult it will be to draw inferences and conclusions from the book.

Moreover, each fragment will correspond to a different plausibility ordering

and that comes with its own fragment-relative justification relation. If there

were very many fragments, one might worry that both the author and any

potential reader would not be cognitively able to track all of these different

plausibility orderings and justification relations. And generally, the more
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fragmented the author becomes, the more and more difficult it becomes

for them to keep track of the fragmented information. If the author is

very or even extremely fragmented, such costs will outweigh the benefits

of fragmentation. Because of these costs, the author should introduce as

few fragments as possible. In the case of the preface paradox, keeping the

number of fragments at two is the sweet spot. A more general question

worth investigating would be whether it is always possible to determine an

ideal number of fragments.

This discussion on limits of fragmentation ties in with the question

whether there should inter-fragmentary rationality criteria for fragments.

In other words: “How should fragments relate to each other?” It is an

essential aspect of the account that there may be rational inconsistencies

across fragments. However, one might still want to have some limits on

how different the fragments may look – especially if there are many. One

option for such a limit could be to stipulate a maximal distance measure

between plausibility orderings. For an account of fragmented justification

to be applicable to a wide variety of situations, while remaining norma-

tively significant, it will be important to decide how exactly to choose such

a measure. Such a measure will be part of a general set of norms for the

individuation process of fragments to be developed in further work.

Question 5 One might think that this account is an account of ratio-

nalising mistakes. But that would be bad, the account should definitely

not rationalise any kind of situation. If this were the case, then the ac-

count would miss its goal of being normatively significant, and of capturing

something essential about the concept of rationality.

An obvious mistake that this account should not rationalise would be

this: The author publishes a book containing only one sentence expressing

one proposition A1 in the body of the book and in the preface, she com-

municates the sentence expressing the corresponding preface proposition

¬A1. The account should not rationalise this single proposition preface

case, since a book containing only A1 and ¬A1 seems very problematic for

both epistemic and practical reasons.
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But, one might think that she has good justification in the hypothet-

ical situation just presented: She has good justification for the claim A1

expressing, eg., that bananas are a good baby food, and that she has good

justification for the preface proposition, i.e. past mistakes in books or

general human fallibility. And, similar to the original preface case, these

justifications remain of different types – first vs. second-order.

However, there are two important differences between the original para-

dox and the single-proposition case. First, in the original preface paradox,

the preface proposition ¬(A1 ∧ ... ∧ An) does not directly negate any par-

ticular one of the individual claims A1, ..., An she makes in the body of the

book. It only negates the conjunction of these claims. However, in the

single-proposition scenario, the new preface proposition ¬A1 does directly

negate the claim the author makes in the body of the book. This makes

the single-proposition case much stronger and it becomes harder to argue

for its rationality.

The second difference is that, actually, in the single-proposition case, the

preface proposition is no longer justified. The justification of the preface

proposition crucially relies on the fact that there are many propositions

A1, ..., An postulated in the body of the book (which also increases the

amount of uncertainty the author faces in that case). If the author only

postulates one single proposition, human fallibility and / or having made

mistakes in the past would not be strong enough to justify the claim that

the proposition A1 for which the author has excellent first-order evidence

is false. It only becomes strong enough when the author is postulating

many propositions in the body of the book, since this makes the author

more fallible (because there is more uncertainty involved) than in the single

proposition case. So, what counts as “strong enough” varies in different

circumstances, and this decision is also part of the background information

that determines the plausibility orders, and thereby, which propositions are

amongst the most plausible worlds, and thus, “strong enough” to justify

another proposition.

Although justification is defeasible, and humans are always fallible, an

account of justification that renders the preface proposition justified in the
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single-proposition case would be too weak. Because the justification for

the preface proposition is lost in the single-proposition case, the preface

proposition is not justified, which is why the paradox would not arise, since

for it to arise both the preface and the body proposition would need to be

well justified, which is not the case here.

Question 6 The last question that needs to be answered is how this does

solution differs from fragmented belief solutions.

This account of fragmented justification is closely related to accounts

of fragmented belief in that both are fragmentation accounts. However,

there are significant differences. For the account of fragmented justifica-

tion, justification relations are fragmented and fragments are total pre-

orders on possible worlds. For accounts of fragmented belief, beliefs are

usually modelled via propositions. Those propositions are then taken to

be fragment-relative. For fragmentation accounts of belief, fragments are

proper (unordered) subsets of the total set of possible worldsW (sometimes

also partitions of W ). So, both the definition of a fragment differs for both

accounts, as well as what “things” are taken to be fragment-relative.

The account of fragmented justification I develop here does not take

propositions to be fragment-relative. Propositions are available in all frag-

ments. What differs from fragment to fragment is how plausible they are.

But what differs from fragment to fragment for fragmented belief accounts

is which propositions are available. I will shortly argue that fragmented jus-

tification provides a rationality argument for fragmented belief, and that,

therefore, fragmented belief accounts should take on board a fragmented

reading of justification. This would combine the way in which belief is

traditionally taken to be fragmented with this account of fragmented jus-

tification, and result in a mix between the two. But given accounts of

fragmented belief how they appear in the literature, they are very different

from the account of fragmented justification developed here.

And lastly, note that this account is silent on whether belief should be

fragmented or not, it does not talk about belief at all, but rather about

whether or not a proposition is well justified or not. I will come back to
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this at the very end of the chapter.

By addressing the above questions, I have argued for why the solution

that the account of fragmented justification provides is convincing. It is

rational for the author to fragment her information in a way that gets rid of

the inconsistent conjunction of propositions. This solution of fragmented

justification can explain the appeal of the paradox. The author is ratio-

nal, because she has good justification for the body propositions as well

as the preface proposition. However, since the preface proposition and the

body propositions are not supported by a justification relation within the

same fragment, no inconsistency arises. The fragment-relativity of the jus-

tification relation blocks the inconsistent conjunction of propositions being

justified within one and the same fragment. She does not have to arbi-

trarily give up any proposition, but fragmented justification allows her to

keep them all within her doxastic state while getting rid of the problematic

inconsistency.

3.5 Evaluation

In this short evaluation section, I focus on the two big advantages that

this solution has to other solutions to the preface paradox, especially to

fragmented belief solutions.

3.5.1 Justification at the core

The first deficiency of existing solutions to the preface paradox is that

none of them focus on justification as the central concept responsible for

the paradox. As Makinson (1965) stresses, it is because of the justifica-

tion that each proposition involved in the paradox enjoys, that it seems

that the author is rational. Solutions that specifically use accounts of frag-

mented belief also do not reflect the importance of the justification of the

propositions involved in the paradox.

The account of fragmented justification gets rid of this deficiency that
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other existing solutions face by providing a solution that uses the central

concept of the paradox – justification. It shows how it can be the case that

both ¬(A1∧ ...∧An) as well as A1, ..., An are all well-justified while getting

rid of the outright inconsistency by relativising justification to fragments.

I have provided reasons for why it makes sense to relativise justification

to fragments, and I have showed how this provides a novel solution to the

paradox.

3.5.2 Boosting credibility of fragmented belief

Secondly, fragmented belief solutions need to answer the question whether

and why fragmented belief can be rational. The second perk of the account

of fragmented justification is that it provides a rationality argument for

fragmented belief accounts and therefore increases the attractiveness of

fragmented belief solutions to the paradox. The reason why fragmented

belief solutions make sense, and more generally why fragmented belief can

be rational, is because justification is fragmented, too.

Let me explain why this is the case. Recall the reasoning for why frag-

mented belief accounts argue that belief is fragmented in the preface case:

The preface and the body of the book belong to two different fragments

because the propositions in the preface and the body of the book are about

different subject matters. But how does the author get to believing these

propositions in the body and the preface in the first place? She does so

on the basis of her justifications, as Makinson (1965) states in the original

formulation of the paradox. One reason why fragmentation can rationally

arise on the level of belief is if this fragment-relativity is already present on

the level of justification. What renders a belief rational is its justification.

Each belief in a belief state is rationalised by its respective justification. If

this belief state is fragmented, what rationalises this fragmentation is the

fragmentation of its underlying justifications.

This suggests the following conclusions with respect to the more general

relationship between belief and justification. If one wants to be fragmented

with respect to belief, one might want to be fragmented with respect to jus-
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tification, too14. Because the account of fragmented justification provides

a rationality argument for fragmented belief accounts, it manages to boost

the credibility of fragmented belief solutions to the paradox, in addition

providing a novel and attractive solution on its own.

Finally, also in light of the relation between fragmented justification and

fragmented belief just touched upon, fragmented justification is compati-

ble with two possible stories to tell about what the author communicates

with the reader, because it is silent on whether the justified propositions

A1, ..., An and ¬(A1 ∧ ... ∧ An) are (fragmented) beliefs or not.

The first story is to accept fragmented belief in addition to fragmented

justification, and conclude that the author communicates fragment-relative

justified beliefs, A1, ..., An, about baby nutrition as well as, in a separate

fragment, about her fallibility, ¬(A1∧ ...∧An). In this case, the fragmented

justification solution provides the additional insight to fragmented belief

solutions that it explicitly models the justifications involved which are the

reason for why the paradox arises. It also explains why the fragmentation

of belief arises in the first place, and moreover, why the author is rational

in entertaining this fragmented belief set.

The second story is that the author actually does not communicate

beliefs at all in her book. What she communicates, rather, are that her

claims A1, ..., An and ¬(A1 ∧ ...∧An) are well supported / justified relative

to the respective fragments. This second story leaves open whether belief

simpliciter should be fragmented or not15.

14An interesting question to investigate would be whether the other direction holds,
i.e. whether one could adopt a fragmentation account of justification without adopting
a fragmentation account of belief.

15One might worry that that if the author claims but not believes the propositions
A1, ..., An she expresses in the book, then she would be entirely insincere. But, the notion
of “claiming” that would support this worry would be very strong, since her claims are
very well justified. Therefore, this does not render the author insincere. Whether she
publishes a claim or not depends on whether it is justified or not. With the publishing
of the well-justified propositions, one might interpret this as the author communicating
her acceptance, instead of her beliefs. For accounts of acceptance cf. eg. Van Fraassen
(1980), Stalnaker (1984), L. Cohen (1989), L. Cohen (1992).
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3.6 Conclusion

In this chapter, I sketched an account of fragmented justification according

to which justifications are valid fragment-relative justification relations be-

tween propositions. I showed how this account solves the preface paradox.

Fragmented justification is an attractive way of dealing with an overall

inconsistent set of propositions, where, crucially, each proposition is well-

justified, where one does not have to arbitrarily give up some proposition.

Instead, by relativising justification to fragments, the author can retain all

her well-justified information.

Because closure under conjunction does not apply across fragments, the

inconsistent propositions are only justified relative to their respective frag-

ments, but not within one and the same fragment. Thereby, the author re-

mains overall rational in publishing a book containing both ¬(A1∧ ...∧An)

and A1, ..., An.

Furthermore, this solution shows why it can happen that inconsistent

propositions are each well-justified: The reasons are difference in sources

of information, subject matter, stakes, types of justification and types of

questions appropriate to ask in the preface and the body of the book,

respectively, as well as uncertainty.

This solution is novel, because the account of fragmented justification

employed here is novel. I provided two more reasons for why this solution is

attractive. First, unlike existing solutions, it employs the central concept

in the paradox – justification. And second, fragmented justification can

increase the credibility of fragmented belief solutions.

One may view this first chapter as a case study that is the starting

point for a fuller development of an account of fragmented justification.

As explained, the preface case is a case where it is rational to fragment

with respect to justification and where de-fragmentation would not make

much sense. Part of a full account of fragmented justification will be the

development of a more general set of rationality norms that guide both the

individuation of fragments (When and how should one fragment?) as well

as the merging of fragments (When and how should one get rid of fragmen-
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tation?). Specifically, it will be interesting to investigate how fragmented

justification applies to different cases of overall inconsistent sets of propo-

sitions – not every inconsistency should be rationalisable by this account

of fragmented justification.

Subject to further work in the following chapters will also be the de-

velopment of a Bayesian account of fragmented justification, as well as

to draw further conclusions regarding the relationship between belief and

justification with respect to fragmentation more generally.
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Chapter 4

Fragmented Justification

This chapter presents a (fuller development of a) fragmented account of jus-

tification. The account is motivated via an example from climate science

where, within the IPCC assessment report for climate change, an overall

inconsistent set of justified beliefs seems to be asserted. The main rea-

son why this happens will be the extreme uncertainty involved in learning

about complex systems such as the climate. The chapter explains how the

toolkit of orthodox epistemology is limited in and not suited for dealing

with situations like this, and argues that fragmentation is a more appro-

priate strategy than existing approaches to deal with (seemingly rational)

inconsistent doxastic states. After presenting the example, the chapter

gives a formalisation of this example. The upshot of this formalisation

is that justifications are represented via non-monotonic fragment-indexed

justification relations that hold between propositions that need justifica-

tion, and evidence. The chapter explains why fragmentation is rationally

warranted here, and develops an explicit set of precautionary norms that

should guide the fragmentation process.

It, furthermore, argues that the account of fragmented justification de-

veloped here is compatible with fragmented belief, and how this account of

fragmented justification can serve as a novel argument for the rationality

of fragmented belief accounts developed in the literature.

And lastly, the chapter explains how sometimes, even though fragmen-
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tation might be epistemically rational, de-fragmentation will become nec-

essary in light of practical rationality. It shows how de-fragmentation can

work for epistemically rational fragmented agents, which is a novel discus-

sion within the literature on fragmentation.

Please recall, as already noted in the beginning of the dissertation, that a

version of this chapter has, as of August 2025, been published with Synthese

(Pillin, 2025).

4.1 Introduction

Since Davidson (1982b), Lewis (1982), Stalnaker (1984) and Cherniak (1986),

fragmentation accounts of belief have become popular in epistemology. Ac-

cording to them, belief is fragmented in the sense that different beliefs

an agent might have “live” in different mental fragments, as opposed to

the more traditional view according to which all beliefs reside in one big

“bubble”. In each fragment, some normative closure conditions such as co-

herence or consistency and closure under logic apply, however they do not

apply across fragments. In contrast, on the more traditional view, *all*

beliefs of an agent ought to cohere or be consistent with each other.

This chapter develops an account within the spirit of fragmentation ac-

counts of belief. However, the account is not of fragmented belief, but

rather of fragmented justification. Fragmented justification is novel within

the literature on fragmentation. Traditional accounts of justification, such

as reliabilism or evidentialism, are all implicitly based on an unfragmented

picture of rationality1. Thereby, this account expands fragmented accounts

of doxastic attitudes, like belief, by a fragmented account of justification.

Justification will be fragmented in the sense that the justification relation

that holds between evidence and propositions that are being supported by

that evidence is indexed to fragments. This will make it possible that some

proposition might be justified in some mental fragment but not in another

one.

1I provided an argument for this in the end of chapter 2.
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The account of fragmented justification will be motivated and presented

in the context of an example from climate science, where, within the IPCC

assessment report for climate change, an overall inconsistent set of beliefs is

asserted. This example poses a dilemma for orthodox epistemology, because

orthodox epistemology would deem this as a case of irrationality, whereas

the inconsistent belief set, intuitively, seems rational, because each of the

beliefs involve is well justified, as I will show. Orthodox epistemology is not

equipped with a strategy appropriate for dealing with the specifics of the

epistemic situation at hand – which is mainly due to the severe uncertainty

associated with learning about a complex system such as the climate – and

it cannot explain the intuition that this is not a case of irrationality that

needs to be somehow resolved or gotten rid of.

Fragmented justification, unlike orthodox epistemology, will be able to

provide an appropriate solution to this dilemma, making use and providing

a precise account of how the structure of the underlying justifications below

the scientists’ beliefs is fragmented, and rationally so.

This account is intended to be a normative guide for the rationality of

agents, it is not to be understood as an account of rationalising “mistakes”.

The chapter provides reasons for why fragmentation can be rational, and

furthermore, presents a set of precautionary norms that should guide the

fragmentation process.

Moreover, I will discuss how fragmented justification relates to belief

and argue that the account of fragmented justification developed here is

compatible with both, a fragmented, as well as an unfragmented notion of

belief. This is significant because it thereby allows for an agent’s epistemic

state to be fragmented at a lower level (justification), while being unfrag-

mented on a higher level (belief). This discussion involves, furthermore,

a novel argument for the rationality of fragmented accounts of belief that

goes beyond and improves on the literature on the rationality of fragmented

belief.

Lastly, I will also discuss how, for the sake of practical rationality (and

unfragmented belief), de-fragmentation can become necessary, which is a

novel discussion within the fragmentation literature. I show how there is
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no generally applicable rule as to which aggregation procedure one should

employ in any specific situation, and more generally, that in some cases,

there will not be any sensible aggregation mechanism available. I argue

that the aggregation of fragments is a situation of inductive risk, building

on and providing a new application of the seminal inductive risk argument

by Rudner (1953), and I will argue that the process of finding a way to ag-

gregate fragments should be guided by non-epistemic value considerations

about the risk of making a wrong call.

The chapter is structured as follows: Section 2 presents a motivating

example for the account of fragmented justification from the field of climate

science. In section 3, orthodox epistemology tries to solve the problem this

example faces, but fails, and fragmented justification comes to the rescue.

In section 4, I formally represent this example and explain what it means

for a proposition to be justified on my account. Section 5 summarises

why fragmentation is rational in this example. Section 6 presents a set of

precautionary norms surrounding when and how one should and should not

go fragmented. Lastly, section 7 is concerned with the relationship between

justification and belief in the context of fragmentation, with special focus on

how fragmented justification can serve as a novel and improved rationality

argument for fragmented belief accounts in the literature, as well as with

the topic of de-fragmentation in light of practical rationality.

4.2 A motivating example

This example is from the field of climate science. Climate science deals

with understanding the complex system that is the climate, and repre-

senting that system (or parts of it) in a computational model to generate

scientific hypotheses and predictions about the climate and climate change

(cf. Parker, 2014).

Although there is much debate about what exactly constitutes a complex

system, there is no debate that the climate is a complex system. Features

of complex systems include that they consist of many interacting compo-
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nents with a multi-layered structure. The climate consists of five major

subsystems; the atmosphere, the hydrosphere, the cryosphere, the land

surface and the biosphere, where each of these subsystems consists of sub-

subsystems. These systems interact a lot; for example, the atmosphere and

the ocean exchange water vapour and heat which leads to condensation,

precipitation and supplies the weather systems with energy. They have a

complex aggregate behaviour which is often non linear (and thus cannot be

described via a set of linear equations). Examples of this are movements

of large-scale weather systems.

The workings of the climate do not (only) depend on simple causal laws,

but on local and highly fragile causal connections. This means that small

local perturbations of the system can and do have large and unforeseeable

consequences. Furthermore, the climate system is highly influenced by

feedback processes that constantly change and make the system evolve (cf.

Ladyman, Lambert, and Wiesner, 2013, IPCC, 2023).

Scientists model this complex system via mathematical equations with

the help of computers and try to generate and estimate solutions and pre-

dictions about, among other things, future climate change.

There are two types of uncertainty influencing the representation process

of the climate, and thus the predictive accuracy of the results of these repre-

sentations: Uncertainty within the model and uncertainty about the model

and its uncertainty itself. Parker (2014) distinguishes different varieties

of the first kind: Structural, parametric and initial condition uncertainty.

Structural uncertainty is about what form our modelling question it should

take, for example, whether we should investigate precipitation in Europe

or global mean temperature development. Parametric uncertainty is about

the values that parameters should take in a model of the climate, while ini-

tial condition uncertainty is about which values one should assign to model

variables at the start of the simulation.

The second kind of uncertainty is meta-uncertainty. This is, first, un-

certainty about whether the model is informative about the climate at all,

and secondly, uncertainty about one’s object-level uncertainty estimates

themselves.
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These different kinds of uncertainty stem from the high complexity of the

climate system: The scientist, albeit being an expert about climate, only

has a very limited understanding of the actual processes constituting the

climate. And a consequence of this is that each decision climate scientists

make when modelling the climate and generating hypothesis is made under

uncertainty. This means that those decisions are decision that have to

be made under so-called inductive risk (cf. Rudner, 1953, Douglas, 2000,

Steele, 2012). Inductive risk goes back to the problem of induction. The

latter – in its original form – is the problem of justifying an inference from

singular statements to a universal statement (i.e. a hypothesis or theory).

The problem is that there is no deductively valid inference from the fact

that all (so far) observed ravens have been black to the hypothesis: “All

ravens are black”. Accepting or rejecting a hypothesis like this requires a

judgment as to when the evidence is good enough to make the (inductive)

call or jump from evidence to hypothesis. Inductive risk is the “chance

that one will be wrong in accepting (or rejecting) a hypothesis”, i.e. the

risk of rejecting a true hypothesis or accepting a false one. And the more

uncertainty is involved in learning about something, the less (safe) evidence

one has as a basis to make this decision, i.e. the higher the inductive risk

becomes.

This kind of risk is not only present when accepting or rejecting hy-

pothesis, but also in many other aspects of the scientific process (cf. Dou-

glas, 2000). For example, in the domain of climate science, it is not only

present when accepting or rejecting a hypothesis, but also much earlier, for

example, when making assumptions about how to best represent the cli-

mate within a computer simulation. There is inductive risk about what the

“true” structure of the climate is, how initial conditions should be assigned,

how the current state of the climate can be best represented, and how the

variables modelling the change of the climate should develop with time, just

to name a few areas where inductive risk plays a role. The argument from

inductive risk tells us that in such cases, there are multiple ways of making

these decisions that are equally epistemically “correct” and well-founded,

because of the gap there is between the evidence available to guide such
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decisions and the evidence required to make the decision without risk.

As explained, there is much uncertainty, and many different kinds of

uncertainty involved in learning about the climate. This means, that the

problem of induction is especially prevalent here; and therefore the induc-

tive risk associated with making decisions, here, is very high. And fur-

thermore, climate scientists do not just rely one one single climate model

to learn about the climate, but often, use many different models. Within

each of those models, the modelling assumptions have to be made under

inductive risk – for each model, there is no uniquely epistemically better

or worse way of making these assumptions.

A consequence of this argument from inductive risk, and this will be im-

portant for the argument of this chapter, is that making different modelling

choices (within different climate models) can lead to huge discrepancies

between the hypotheses that are generated and justified by the resulting

climate models.

It is important to note that this phenomenon does not make the models

bad or not useful. Modelling the climate and making predictions about

future climate change are, nevertheless, useful and informative. But some-

times, as we will see shortly, situations can arise that are difficult for or-

thodox epistemology to deal with. Climate science (and potentially other

areas) requires an epistemology that can deal with this challenge posed by

severe uncertainty. Fragmentation will turn out to be an attractive frame-

work to deal with such situations.

The following is an example from the 2023 IPCC Assessment Report2.

The IPCC is the so-called “Intergovernmental Panel on Climate Change” –

a group of climate scientists that regularly produce reports on the latest de-

velopments within the earth’s climate system3. Those reports are relevant

2Note that I erased probabilistic language from the example, since this account is
qualitative. I am aware that climate models are probabilistic, but I think that the sim-
plified qualitative version of looking at climate models is already epistemically fruitful.
This project can and will be extended to a Bayesian version in the future.

3I am aware that the IPCC is a group consisting of multiple people. In this context,
I consider them as an individual (group) agent, jointly producing and being accountable
for the entirety of IPCC report.
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for and used in both, climate science as well as climate policy.

The following claim4, A, is taken from the IPCC report, and it expresses

that “[g]lobal warming of 2 degrees Celcius will be exceeded during the 21st

century” (cf. IPCC, 2023, p. 145). Now consider something that might

be surprising. The IPCC panel actually communicates not just A in their

report, but also ¬A. They communicate that global warming of 2 degrees

Celcius will be exceeded during the 21st century, but also that it will not be

the case that global warming of 2 degrees Celcius will be exceeded during

the 21st century, that is, ¬A (cf. IPCC, 2023, p. 146). The IPCC report,

thus, contains both, the IPCC scientists’ belief in A, as well as their belief

in ¬A7.

4.3 That’s irrational! – Is it?

At this point, orthodox epistemology8 would say, “wait a minute, there is

something irrational going on here”. One cannot both believe A and ¬A
at the same time, that would be irrational. But is this really a case of

irrationality?

Let us look at whether and how the claims the IPCC makes in their

4I assume A to have the structure of a proposition, i.e. a set of possible worlds. This
will be formally introduced in section 4.

5Citation:“Global warming of 2 degrees Celcius, relative to 1850–1900, [will] be ex-
ceeded during the 21st century (SSP3-7.0 and SSP5-8.5).”

6Citation: “Global warming of 2 degrees Celcius [will not] be exceeded (SSP1-1.9).”
7I assume the propositional attitude the IPCC scientists are communicating / assert-

ing to be belief. If one were to argue for the relevant propositional attitude to be not
belief, but merely something along the lines of acceptance, then the dilemma might still
be there, but less intense. The reason for this is that, traditionally, the norms associ-
ated with belief are stronger than those associated with acceptance. I do not, however,
consider this possibility here, because I think there to be good reason to believe that the
IPCC scientists are communicating their beliefs. The main reason is the norms tradi-
tionally associated with assertion – for which acceptance is too weak of a propositional
attitude to warrant assertion (cf. Pagin and Marsili, 2021).

8With “orthodox epistemology”, I am referring to the idea that for an agent to be
rational, their doxastic state needs to fulfil a set of strong rationality norms, such as
overall consistency and closure under logic (cf. Borgoni, 2021), often referred to as
the “unity model” or “web model” of belief. Stalnaker (1991) gives an overview over
idealisations and normativity assumptions about belief.
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report are justified. This will help to decide whether or not orthodox epis-

temology is right in classifying this as a case of irrationality, because if

one of their beliefs were not justified, then clearly, it would not be good

to assert them in the IPCC report. If this were the case, orthodox epis-

temology would have it easy, it would tell the scientists to get rid of the

worse-justified claim. But as we will see, this is not the case here, and

moreover, orthodox epistemology will not be of much help here.

At first glance, it seems that the IPCC scientists are not irrational. The

reason for this is that their beliefs in A and ¬A are well justified – they are

supported by relevant evidence, and the scientists show that and how they

are. The justificatory work is done by two respective and equally reliable

climate models, on the basis of which the relevant claims can be predicted

/ synthesised. So, behind A and ¬A stand two climate models, M and M ′,

that support A and ¬A, respectively.
Both climate models, interestingly, are based on the same (historical)

evidence, E, that expresses information about the development of the cli-

mate so far. The reason why, although both models are based on the same

piece of evidence, E, they manage to justify jointly inconsistent claims, is

that they operate on significantly different sets of background assumptions

– which are equally epistemically warranted due to the severe uncertainty

associated with learning about the climate. I will delve deeper into what

exactly this means in a bit.

The scientists communicate their beliefs in A and ¬A, based on the

respective justifying evidence, which is, the evidence E, relative to the

respective climate models, M and M ′. This is a problem for the orthodox

epistemologist9. There can be no less justified claim given up if both claims

9I thank an anonymous reviewer for pointing out this potential challenge of interpret-
ing the asserted beliefs in the IPCC report as being inconsistent. The challenge is that
one could just interpret what they assert not as outright beliefs in A and a belief in ¬A,
but as conditional beliefs of the form B((M ∧ E) → A), as well as B((M ′ ∧ E) → A′).
The first reply to this is that, strictly speaking, the scientists do not assert conditional

beliefs that take this logical form. The second point is that the appropriate conditionals
would not be B((M ∧E) → A), as well as B((M ′∧E) → A′), but instead, B((M ∧E) →
A), as well as B((M ′ ∧ E) → ¬A). ¬A is much stronger than A′, because A′ is not
necessarily inconsistent with A, but ¬A is. Furthermore, A and ¬A respectively are
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are equally well-justified.

What are some other strategies that the orthodox epistemologist might

offer to get out of this? They have two options. The first one is to adopt a

cautious strategy and tell the scientists to suspend judgment on the matter

of whether or not A is the case. But, the IPCC scientists might reply, why

should I suspend judgment if I have such good justification for both A and

¬A? If this were the right strategy, the standard of justification for any

belief would be too high to ever be attained in any complex system science,

because what more should an IPCC scientist possess in favour of a claim

than relevant evidence and a reliable and trustworthy climate model? So,

this is not the right strategy here.

The second option the orthodox epistemologist might go for is to adopt

a brave strategy and tell the IPCC scientists to apply doxastic logic (or

belief revision theory10) to result in a consistent set of beliefs (by enforcing a

closure requirement). In other words: “You should throw onto the epistemic

trash either A or ¬A.” But, the IPCC scientists might reply: “How should I

throw either of these claims away if both of them are equally well-justified?”

Both tell us something about future climate change that is relevant and

justified 11 12.

not, strictly speaking, (materially) implied by the conditionals, which is why I will use
non-monotonic justification relations to represent the way in which these propositions
relate to each other.
And lastly, it is not immediately clear how to believe a computer model. The contents

of beliefs are usually taken to be propositional, but a climate model is a piece of code in
a computer, so at least prima facie, a climate model does not have the right structure
to be believed by the scientists. What can be believed are the inputs and outputs of the
models, E, as well as A and ¬A. The models themselves can be thought to be reliable and
trustworthy, but not believed by themselves. They, rather, provide sets of background
assumptions relative to which the claims in question need to be considered. Without
beliefs in M and M ′, the conditional beliefs would then take the form E → A, and
E → ¬A, which would be equally or even more challenging for orthodox epistemology.

10Eg. Alchourrón, Gärdenfors, and Makinson (1985).
11Note that there is a third traditional strategy available that I gloss over in this

chapter – going probabilistic. I do not discuss this strategy here, because this chapter
deals with all-or nothing attitudes, and not probabilistic ones. Evaluating this potential
choice (within a setting allowing for degrees of belief) would go beyond the scope of this
chapter. In the following chapters, I will develop a probabilistic account of fragmenta-
tion.

12A proponent of either strategy might still insist that allowing inconsistencies among
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This is the dilemma – we seem to have encountered a situation where a

belief set of overall inconsistent claims seems rational, because those claims

are well-justified. But orthodox epistemology tells us that this cannot be

rational, and their toolbox for dealing with the situation (either the cau-

tious or brave strategy) is unsatisfactory.

Fragmented justification will be a third and much more appropriate

strategy that provides a more attractive alternative compared to the two

extremes – the cautious and the brave strategy – that the orthodox epis-

temologist just offered. Fragmented justification will be a way to reframe

the epistemic situation in a way that gets rid of outright inconsistency,

as epistemic orthodoxy requires, while providing the reasons for why this

inconsistency arose in the first place – the conflicting background assump-

tions the scientists have to make under severe uncertainty – and without

having to give up on either of the well-justified claims and thereby being

able to permit the preservation all of the justified claims, not just some

of them. The fragmented justification solution will be superior to the at-

one’s belief state is too costly. And, they might argue that it would be easy on either
strategy, to not outright believe the claims that, either one suspends judgment on, or
that are thrown onto the epistemic trash, but instead to merely “keep them in mind”
so they can be still used for further inquiry. Neither the cautious nor the brave strategy
would allow the scientists to believe both A and ¬A in this scenario, but the attitude
towards them (or one of them for the brave strategy) would have to be something weaker,
such as “keeping in mind”.
But this does not solve the problem. Belief can be considered to be a kind of “lower

bound” for norms of assertion (usually the relevant norm for assertion is a knowledge-
norm which is even stronger than belief, cf. Pagin and Marsili, 2021). This means
that, agents should only assert claims they believe in. Claims an agent does not believe
should not be asserted, according to this norm. Descriptively, the IPCC scientists do
assert both A and ¬A in their report – and seem to be doing so rationally, which both the
cautious and the brave strategy cannot explain or deal with. A non-orthodox argument
for why the IPCC scientists would be justified in asserting either claim if they do not
hold a belief in that claim, or an argument against the intuition that those assertions
seem rational given the good justification the claims enjoy would be required here from
the orthodox epistemologist.
Another potential objection to this argument would be along the lines of Mandelbaum

(2014), who argues that “keeping in mind”, at first glance might seem like a propositional
attitude different from belief, but that, in the end, any form of thinking is essentially
believing. So, on this second reply, arguing that one can solve the problem by having
the IPCC scientists merely “keep in mind” some of the claims brings back the problem
from the back door, because “keeping in mind” can be considered a form of believing.
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tempts at a solution that orthodox epistemology provides, because it pos-

sesses the resources to explain how the inconsistent conjunction of claims

can be well-justified without having to require global consistency13.

Let us take a closer look at A and ¬A and the two climate modelsM and

M ′ producing them. Climate model M , together with evidence E, justifies

A. This is the case because of the assumptions that are made within model

M . Model M assumes a high / intermediate emissions scenario (cf. IPCC,

2023, p. 14). This means that the variables and parameters of the model

are set in such a way as to simulate a world where the emissions will be

high / intermediately high for the considered timeframe. The assumptions

that are thereby built into the model have to be made under uncertainty.

It is not clear how *exactly* a high emissions world would look like, what

*exactly* constitutes a “high emissions scenario”, and how this can be best

represented in the model. Furthermore, as mentioned already, the initial

conditions of the model (as-is state of the climate) can only be determined

with less-than perfect accuracy, because of the high complexity of the sys-

tem.

And, there is meta-uncertainty about the model. Is it the right model

to represent this scenario, or might there be a better one? Are all the

assumptions within the model made in a way that it is sufficiently infor-

mative about the real climate? And, is the high / intermediate scenario

the scenario that best represents the future state of the world? The future

state of the world depends on decisions yet to be taken, so this is very

difficult to epistemically evaluate at time of modelling.

13Note that fragmentation is not the only way of lowering the high rationality stan-
dards of orthodox epistemology. Other paths include weakening the logic that belief
ought to adhere to (eg. by denying certain closure conditions, or consistency), weaken-
ing the concept of belief (and how it ought to cohere with probability) (cf. eg. Dorst,
2019), or introducing other contextualist notions of belief that diverge from fragmenta-
tion (Leitgeb, 2017). Another path is to reinterpret the rationality conditions of accounts
of belief to be norms that don’t necessarily have to be adhered to by rational agents
(eg. the norms may be understood in terms of “constitutive norms” (cf. T. Williamson,
2000). However, the fragmentation strategy developed here is different in that it not
only relaxes orthodox rationality requirements on belief, as could be done eg. by going
non-classical, but instead, develops and uses an explanation for why the puzzle arises in
the first place – the fragmented nature of the justification of the claims involved.
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The other model, M ′, together with E, justifies ¬A, i.e. that global

warming of 2 degrees Celcius will not be exceeded during the 21st century.

The model M ′ is an equally reliable model as M . How can it be that it

supports a claim that is inconsistent with A?

The reason for this, again, are decisions in the modelling process that

have to be made under uncertainty, and where there is no purely epistemi-

cally better or worse way of making these decisions (i.e. the decisions have

to be made under inductive risk). M ′ assumes a low emissions scenario (cf.

IPCC, 2023, p. 14). This means that the parameters and variables in the

model are set in a way to simulate a low emissions world. As before, the

assumptions that are thereby built into the model have to be made under

uncertainty. It is not entirely clear how *exactly* a low emissions world

would look like, what *exactly* constitutes a “low emissions scenario”,

and how this can be best represented in the model. Furthermore, again,

the initial conditions of the model (as-is state of the climate) can only be

determined with less-than perfect accuracy. And, again, there is meta-

uncertainty about the model, and the question whether the assumption of

a low emissions future best represents the future state of the world. As

before, the future state of the world depends on decisions yet to be taken,

so this is very difficult to epistemically evaluate at time of modelling.

It is important to stress that both models agree on E – the claim ex-

pressing the development of the climate so far. There is no uncertainty

involved here, it is known how, until the present moment, the climate has

developed. Uncertainty comes in when trying to model and predict fu-

ture climate change. But the fact that both A and ¬A are based on the

same piece of evidence E might appear as striking. The reason why the

same piece of evidence can justify A within model M , and justify its nega-

tion ¬A within M ′, is the uncertainty and inductive risk associated with

making modelling assumptions and predicting future climate change. This

uncertainty and inductive risk results in different but equally valid sets of

background assumptions being built into the two different models.

Because of the complexity of the system and the uncertainty associated

with learning about the system, as well as due to how climate modelling
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works, situations like this can happen. But this does not mean that one

should not trust the climate scientists anymore, because they are irrational.

The predictions both models make are generated respecting the highest

scientific standards and should both be taken seriously. The IPCC scientists

should therefore not suspend judgment on either A or ¬A. They should

neither use belief revision to get rid of either A or ¬A, because there is no

reason to get rid of one over the other claim. These are the two options

that the orthodox epistemologist would propose here.

Instead, the model that is most appropriate for such a situation is a

fragmentation model of justification. This model will be able to reframe

the epistemic situation by respecting the fact that both claims A and ¬A
are well justified (albeit generated under severe uncertainty), while getting

rid of any outright contradiction.

The idea is that, corresponding to the two different models, there will

be two fragments, F1 and F2. Within each fragment, different background

assumptions and modelling choices are made, which leads to different plau-

sibility assignments over claims, such as A and ¬A, in different fragments.

Justification will be a relation between pieces of evidence and claims in need

of support that is defined on fragments. Relative to the first fragment, A

will be justified (but not ¬A), whereas relative to the second fragment, ¬A
will be justified (but not A). This way of framing the epistemic situation

of the IPCC scientists makes space for them being rational in having jus-

tification for jointly inconsistent claims, while being able to get rid of the

outright inconsistency, because A will be justified relative to one fragment,

and ¬A relative to another, but not both within the same fragment.

Note that this does not entail that fragmentation should be used when-

ever and wherever to escape any epistemically precarious situation by ar-

tificially rationalising what orthodox epistemology deems irrational. Frag-

mentation is an option for certain situations of epistemic pressure that

seem rational but that orthodox epistemology deems irrational while not

providing an epistemically satisfactory solution to them (like suspension

of judgment or belief revision). Fragmentation is not a strategy that one

can or should use in any kind of circumstance. Instead, it offers a way of
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rectifying situations as rational that orthodox epistemology does not pro-

vide a sufficiently satisfactory analysis to. And actually, it appropriately

describes what the IPCC scientists are actually doing in their report to ra-

tionalise the inconsistency. The IPCC scientists assert both A and ¬A, but
contextualise both propositions. They explicate how A is justified relative

to certain modelling assumptions (one fragment), whereas ¬A is justified

relative to other modelling assumptions (a different fragment).

Interestingly, when they synthesise their findings, the IPCC scientists

also engage in a process of de-fragmentation – they extract what all frag-

ments / models agree on14. De-fragmentation is a topic that has not yet

been discussed in the fragmentation literature but becomes very impor-

tant as soon as the fragmented belief set in question becomes relevant to

practical decision making. I will delve into this topic at the end of this

chapter.

4.4 Formalisation

After having presented the example, I now show how this situation can be

formally represented within a framework of fragmented justification.

Let W be a non-empty set of possible worlds15. Let W be finite for

reasons of simplicity. By a proposition, I mean a subset of the total set

of possible worlds W . A proposition P is true at a world w just in case

w ∈ P . Some propositions will take the role of a piece of evidence, E, that

can justify another proposition. Some propositions will take the role of a

proposition, A, that is in need of justification.

What has been described as a fragment in the example will be formally

represented by a total plausibility pre-order ≤ on W . A total pre-order ≤

14“Global surface temperature will continue to increase until at least mid-century
under all emissions scenarios considered. Global warming of 1.5 degrees Celcius and 2
degrees Celcius will be exceeded during the 21st century unless deep reductions in CO2

and other greenhouse gas emissions occur in the coming decades” (cf. IPCC, 2023, p.
14).

15I use a possible worlds setup in my account, since it is a standard practice in mod-
elling propositions and varieties of doxastic attitudes.
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is a relation that is reflexive (For all w ∈ W : w ≤ w), transitive (For all

u, v, w ∈ W : If u ≤ v and v ≤ w, then u ≤ w) and total (For all v, w ∈ W :

v ≤ w or w ≤ v). This order ranks the worlds in W from most to least

plausible.

Plausibility pre-orders are taken from two sources of inspiration. The

first is the belief revision literature (cf. Alchourrón, Gärdenfors, and Makin-

son, 1985, Grove, 1988), where it has been shown that the classical belief

revision operator, “*”, can be represented via total plausibility pre-orders.

The second source is the literature on non-monotonic reasoning surrounding

Kraus, Lehmann, and Magidor (1990) and Lehmann and Magidor (1992).

Both of these sources use this machinery to study belief, while I will adopt

it to study fragmented justification.

Intuitively, a total pre-order over W can be thought of as the back-

ground assumptions and modelling choices that an agent is operating on in

a specific circumstance. Given different sets background assumptions (i.e.

within different fragments), different propositions can become more or less

plausible.

Justification, then, is a non-monotonic16 relation, |∼≤, that is defined

on a total pre-order, ≤. Given a total pre-order, ≤, over W , one can define

conditional and unconditional justification in the following ways17:

1. Conditional justification: A proposition A is conditionally justi-

fied by a proposition E relative to a pre-order ≤ (E |∼≤A) iff in all

most plausible E-worlds from ≤, A is true, where the most plausible

E-worlds are, among all worlds in which E is true, those E-worlds

that are most plausible / ranked the highest on the pre-order ≤18.

2. Unconditional justification: A proposition A is unconditionally

16It is not necessarily the case that, if E |∼≤A, then E,E′ |∼≤A. I assume non-
monotonicity to capture the assumption that justification is defeasible, i.e. that there
can always appear a “new” piece of evidence that undermines a previously justified
proposition.

17The justification relation formally resembles Lewisian counterfactuals (Lewis, 1973),
but is entirely distinct from counterfactual reasoning, because it has a very different
interpretation.

18I assume that the most plausible E-worlds exist relative to a pre-order ≤.
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justified relative to a pre-order ≤ iff in all most plausible worlds from

≤, A is true.

The philosophical motivation behind this way of modelling justification

is a very intuitive pre-theoretic notion about justification. Justification (of

a proposition), here, is neither perceived to be just evidence (as in evi-

dentialism), not just a reliable process (as in reliabilism), but a relation

between the proposition in question, and evidence. As evidentialism pre-

scribes, evidence is important for justification, but what makes justification

justification is the relation in which that evidence stands to the proposition

in need of justification, given some plausibility pre-order, i.e. set of back-

ground assumptions (of an agent). And this is captured by the notions of

conditional and unconditional justification that make use of the plausibility

pre-orders on which justification relations are defined19.

Any pre-order-indexed justification relation, |∼≤, is assumed to be closed

under logic. This means that within pre-orders (fragments), traditional

closure conditions hold. For example, if A is conditionally justified by E

relative to ≤ and B is conditionally justified by E, relative to ≤, then the

conjunction of A ∧B is conditionally justified by E relative to ≤. Further

properties of so-called logics of justification can be found eg. in Kraus,

19The literature distinguishes between propositional and doxastic justification. Propo-
sitional justification is thought to be an agent-independent notion. It is about whether
or not a proposition is justified independently of whether the agent actually believes that
proposition on the basis of its justification. Doxastic justification, on the other hand,
is about whether an agent justifiedly believes a proposition, i.e. whether a proposition
that is actually believed by an agent is believed justifiedly / on appropriate grounds (cf.
eg. Turri, 2010). Although the account developed in this paper has epistemic agents
in mind, it can be interpreted as both, an account of purely propositional as well as an
account of doxastic justification. Purely propositionally understood, the account gives
a rule, given different plausibility pre-orders over the universe W , which propositions
would be justified (by which pieces of evidence or unconditionally), relative to a respec-
tive pre-order. But, the perspective that is much more interesting for the example at
hand is doxastic justification. Plausibility pre-orders are thought to be formal represen-
tations of the way an agent’s background assumptions influence the way they evaluate
propositions. So, plausibility pre-orders are thought to be part of an agent’s doxastic
state. And given this, the account tells us when and how a specific proposition can be
justifiedly entertained by the agent, namely, if it is either conditionally justified through
some evidence or unconditionally justified, and if the agent is also aware of the valid
justification relation, relative to a certain set of background assumptions.

157



Lehmann, and Magidor (1990).

Given this formal apparatus, let us look at a formalised version of the

example presented before to see how it works and why it works in this

specific situation. I will first present the propositions involved in the ex-

ample and then present how the two pre-orders corresponding to the two

fragments look like. I then show what follows from these orderings in terms

of what propositions are conditionally and unconditionally justified in each

fragment.

A0: Global warming will continue during the 21st century.

¬A0: Global warming will not continue during the 21st century.

A: Global warming of 2 degrees Celcius will be exceeded during the 21st

century.

¬A: Global warming of 2 degrees Celcius will not be exceeded during the

21st century.

E: Proposition expressing emission data development so far (until now).

The figures show the two pre-orders ≤1 and ≤2. The most plausi-

ble world in ≤1 is {A0, A,E}, whereas the most plausible world in ≤2

is {A0,¬A,E}. Notice that the ranking of all other worlds other than the

most plausible one on both orders is non-strict. This is one of the advan-

tages of total pre-orders – they allow for uncertainty regarding which of

those worlds are strictly more or less plausible than another world20.

According to the first pre-order, the following holds:

1. A0 is unconditionally justified relative to ≤1, because A0 is true in all

most plausible worlds.

20The intuitive reasoning for the ordering of the less than most plausible worlds pre-
sented in ≤1 goes as follows: It is more plausible that A0 is true than that A0 is false.
It is more plausible that E is true than that E is false. But it is more true that ¬A
is true if ¬E is true than that ¬A is true if E is true. The intuitive reasoning for the
ordering of the less than most plausible worlds presented in ≤2 goes as follows: It is
more plausible that A0 is true than that A0 is false. It is more plausible that E is true
than that E is false. But it is more plausible that ¬E is true if A is true than that A is
true if E is true.
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(a) Pre-order 1 (b) Pre-order 2

2. A is conditionally justified given E relative to ≤1 (E |∼≤1A), because

in all most plausible E-worlds, A is also true (namely in the single

most plausible world)21.

According to the second pre-order, the following holds:

1. A0 is unconditionally justified relative to ≤2, because A0 is true in all

most plausible worlds.

2. ¬A is conditionally justified given E relative to ≤2 (E |∼≤2¬A),
because in all most plausible worlds in which E is true, ¬A is also

true (namely in the single most plausible world).

21Note that maximal plausibility and maximal E-plausibility can diverge, although
they coincide in this particular example. It could theoretically be the case that the
most plausible E-world is not among the layer of most plausible worlds. Because they
coincide here, strictly speaking, A0 is also conditionally justified by E, and A is also
unconditionally justified. But this does not change what I am trying to show with this
example, as the first claim is weaker than the unconditional justification of A0, and the
second claim is stronger than the conditional justification of A which shows even more
strongly the role that the difference in modelling assumptions between the two climate
models plays. The same, but vice versa, will hold for the second pre-order.
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Overall, A0 is unconditionally justified relative to both orders / frag-

ments. This makes sense, because both models predict that global warm-

ing will continue to increase. However, A is conditionally justified given

E relative to ≤1, and ¬A is conditionally justified given E relative to ≤2.

In other words, A is only justified relative to model M , while ¬A is only

justified relative to M ′, interestingly, given the same piece of evidence on

past emission developments, E. This shows that what makes the difference,

here, is the different modelling assumptions the two different models make.

This way of representing the example is attractive, because it rephrases

the epistemic situation in a way that does not require the agents to sus-

pend judgment or do belief revision where at least one of the well-justified

propositions would get lost. It represents how some propositions can only

be justified relative to a certain pre-order, but not another, i.e. only rela-

tive to a certain set of background assumptions, but not another, but how

some propositions may also be unconditionally justified by all pre-orders

(i.e. how fragments can not only disagree but also agree on some things).

But why would an agent be rationally warranted to have two differ-

ent plausibility pre-orders over the same set of possible worlds? The next

section will deal with this question.

4.5 Reasons for fragmentation

Fragmented justification is not intended to merely be a descriptive account

of how real agents cannot adhere to the strong rationality norms postulated

by orthodox epistemology. The goal of this account is to be normative

– in some situations, like the example above, fragmentation is the best

epistemic option, it is what the agent should do in order to be rational.

But this requires an argument beyond appealing to intuition that the agent

is rational. And in many other situations, fragmentation will not be the

best epistemic option, in those situations, there will be other options from

the toolbox of orthodox epistemology to represent the situation that are

less costly and better suited than fragmentation. In this section, I further
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expand on the reasons for why justification can be rational in a situation

like this, but not others.

The default doxastic state for an agent is unfragmented. If an agent

believes that her Philosophy seminar is on Tuesday and also believes that

her Philosophy seminar is not on Tuesday, at the same time, this does

not warrant entering a state of fragmentation. What is happening here is

that, either the agent does not have proper justification for the proposition

that the seminar is on Tuesday or does not have proper justification for

the fact that the seminar is not on Tuesday. But orthodox epistemology

provides tools to deal with the situation. The agent should rethink what

(she thinks) justifies her beliefs, and should ideally realise that one of them

is not actually justified. In other words, the agent should do belief revision.

It is only when the agent finds themselves in a situation like the sit-

uation the IPCC scientists find themselves in, that becoming fragmented

can become rational. I will call situations like these “situations of epis-

temic pressure”. Situations like this are significantly different from the

Philosophy seminar scenario, because here, both propositions A and ¬A
are equally well-justified and the options that orthodox epistemology offers

for dealing with this situation do not respect this. And the reason for this

is the uncertainty associated with learning about the climate system.

I will now delve deeper into how and why uncertainty, and related phe-

nomena, can make it rational to fragment.

High levels of uncertainty can make fragmentation rational. It is not the

case that the reason why the climate scientists assert inconsistent propo-

sitions is that they are making a mistake. After all, they are scientific

experts, one would expect them to spot mistakes before writing an IPCC

assessment report. Instead, something else is going on here; they have

equally good justification for two jointly inconsistent propositions, A and

¬A.
And this happens, because the decisions and background assumptions

they have to make when modelling the climate and predicting future cli-

mate change have to be made under inductive risk, which, to recall, is the

risk of being wrong when making a decision under epistemic uncertainty.
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Purely epistemically, there are multiple equally valid ways of making these

assumptions, but different assumptions can generate very different predic-

tions. So, given the uncertainty associated with the background assump-

tions one makes, and with the climate models themselves, it can be that

different plausibility orderings over the same information (set of worlds W )

are equally viable.

Let me go into a bit more detail here. Recall that the background

assumptions that the scientists are making under uncertainty are different

for model M that predicts A and for model M ′ that predicts ¬A. Model M

predicting Amakes assumptions that will make the model simulate a higher

emission scenario than modelM ′ predicting ¬A. Given that the models run

simulations about the future, at the time of simulation, it is epistemically

underdetermined whether or not the future world will look more like a low

or high emission scenario, because this depends on non-epistemic (policy)

decisions yet to be taken. Purely epistemically, the two models are equally

good representations of different possible future states of the world – the

possible future states differ from each other, but as of now, there is no way

of deciding which state is more accurate or less. They generate inconsistent

predictions, namely A and ¬A. But this does not mean that either model

is faulty, that the scientists should suspend judgment completely, or that

they should get rid of either A or ¬A. Instead, it means that A and ¬A
have come to be justified given different background assumptions. Given

the assumption of a low emissions future, and the modelling choices that

come with that, the proposition A that global warming of 2 degrees Celcius

will be exceeded is much less plausible than given the assumption of a high

emissions future and the associated modelling assumptions, and vice versa.

Note that, because modelling choices have to be made under uncer-

tainty, one can even imagine a scenario where both models actually model

a “low emissions scenario”, but do so in different ways. There will be some

modelling choices about how a low emissions model looks like that are un-

derdetermined and for which, therefore, there is no unique right choice.

Then, even in a situation where both models model the same category

of scenario, radically different but equally justified propositions can come
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about as well.

This is not to say that there is no right or wrong when it comes to

modelling the climate, but that certain important modelling choices have

to be made under inductive risk where there is no purely epistemic way of

deciding which modelling choice is right or wrong.

This phenomenon is not a defect of rationality of the climate scientists,

but a sign of a high level of complexity associated with the subject mat-

ter. Climate science is a complex system. Complexity and the uncertainty

associated with learning about complex systems make is possible that a

scientific expert can find herself being justified in incompatible proposi-

tions while knowing that only one of them can be true. The uncertainty

surrounding climate models as well as their fragility with respect to mod-

elling assumptions are responsible for the fact that such a situation can

arise. Because there is such a high degree of uncertainty, having different

and incompatible background assumptions in the background of the same

set of propositions (manifesting in different and incompatible plausibility

orderings over W ) can be rational.

In cases where there are large amounts of uncertainty, it can happen

that one finds oneself in a situation where one has good justification for

jointly inconsistent propositions22. These situations of high uncertainty

are situations where orthodox epistemology struggles to provide a solution,

because it is unable to faithfully represent what is actually going on in such

a situation. These are situations where fragmentation can make sense23.

But note that this does not mean that in any situation where there is

uncertainty involved, the agent is rationally warranted to fragment. Un-

certainty is present everywhere in data-based sciences and everyday life.

Many cases will not warrant fragmentation, because either one or the other

proposition involved in the inconsistency is actually less justified than the

22Recall how in the previous chapter on the preface paradox, uncertainty was also a
central reason for why fragmentation is rational in the context of that paradox.

23But, not every situation involving uncertainty will warrant fragmentation. Recall
the Philosophy seminar example, where, of course, there is uncertainty involved, too.
But in that case, albeit there being uncertainty, fragmentation is not warranted. In other
words, uncertainty is not a sufficient condition to rationally warrant fragmentation.
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other, or not justified at all (which makes it easy for orthodox epistemology

to account for the situation). But there are rare cases where highly epis-

temically able agents like scientific experts come to be genuinely justified in

jointly inconsistent propositions. And rather than getting rid of it by way

of suspension of judgment or belief revision, like orthodox epistemology

tells us, they should fragment, because this allows them to keep proposi-

tions that are perfectly well justified within their doxastic state which can

be very useful for further inquiry.

Beyond uncertainty itself, there can be more factors closely associated

with uncertainty, that can be reasons for why it can happen that an agent

can have justification for jointly inconsistent propositions, and thus, have

good reason to fragment. Let me present another one that plays a role here

– differing but equally reliable sources of information.

A related reason for why it can be rational to have different plausibility

orders over the total set of information can be if one works with different

but equally reliable sources of information that provide incompatible back-

ground information, as it is the case in our example. Using two models,

M and M ′, makes it possible in the first place to employ two different sets

of background assumptions. Given different sources of information pro-

viding incompatible but equally reliable background information, different

propositions will be more or less plausible to an agent. The plausibility

evaluation of propositions can depend on the source(s) of information the

agent is using, if they provide conflicting but equally reliable background

information.

The climate scientist does not have a single source of information telling

her to build both high and low level emissions assumptions into her models.

Rather, she uses multiple different sources of information for her modelling

purposes, some of which tell her about how a low emission future might look

like, and some of which tell her about how a high emission future might

look like. Different and equally reliable sources can contain inconsistent

information due to uncertainty associated with the subject matter of the

information. Given the uncertainty about whether we will actually live in

a high or low emission future, and what exactly constitutes a high or low
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emission future, different sources of information can be a another reason

for justified but jointly inconsistent propositions.

One might think that, if the sources of information the agent uses are

reliable or trustworthy, then differences in sources of information should not

justify different plausibility evaluations and therefore different fragments (if

one assumes the outside world not to contain inconsistency). But rather,

one might think, the agent should incorporate both sources within one

global doxastic state.

But again, if two sources are equally trustworthy, but contain incompat-

ible information, the problem of the orthodox epistemologist outlined in the

initial example tracks back to selection of background information. Why

should an agent choose one source of information over the other if they

are both equally reliable? Likewise, why should an agent not use either

source, if they both are equally highly reliable (i.e. suspension of judgment

on selection of background information)?

It can and it may happen that different sources of information, even if

equally reliable, rationalise different plausibility orderings of the total set

of worlds W .

This is the case for the climate scientist: The predictions of A and

¬A, respectively, are produced by two different but equally reliable climate

models. Note that if the conflicting information, A and ¬A, were coming

from one and the same climate model, then one would be more inclined

to think that there must be something inherently wrong with the model,

because it is inherently inconsistent. It is only because the conflicting

information comes from two different but equally reliable models, that the

situation can be rationalised.

As before, this does not mean that anytime an agent uses different

sources of information for her reasoning, she is rationally entitled to frag-

ment her information. In most cases, she should combine the information

different sources provide in a consistent and unfragmented way. But if

the agent finds herself in a situation where there are high levels of uncer-

tainty involved, and where two (or more) equally reliable sources produce

justified but jointly inconsistent propositions, and when orthodox episte-
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mology cannot provide a solution to faithfully represent the uniqueness of

this situation, then the agent can be entitled to fragment.

Large amounts of uncertainty, paired with scientific expertise, and the

epistemic pressure of having equally well-justified but jointly inconsistent

beliefs are the reason for why fragmentation is rational in a situation like

this24.

But one should employ fragmentation cautiously, that is, only when

it is truly necessary; when orthodox epistemology is lost in appropriately

accounting for a specific situation, like the one presented here. Introducing

fragments complicates the doxastic state of the agent massively. It produces

costs that are only worth paying if the potential benefits of fragmentation

are big enough.

4.6 Precautionary norms for fragmentation

The last section concluded by mentioning that, if there are no reasons to go

fragmented, one should not fragment, because then the costs of fragmen-

tation would override the benefits. This leads to the topic of this section –

two precautionary norms of fragmentation.

I will first present two general precautionary norms of fragmentation,

and then motivate them.

1. Enter a state of fragmentation only when in a situation of epistemic

pressure that cannot be sensibly resolved by the toolbox of orthodox

epistemology.

2. If entering a state of fragmentation is warranted, only fragment as

much as necessary to accommodate for the epistemic situation you

find yourself in and respect the limits within and across fragments.

24There are more potential reasons for fragmentation, such as differences in stakes or
subject matter. However, they are not relevant in this particular case, which is why I do
not discuss them here, but some were discussed in the previous chapter on the preface
paradox.
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Fragmentation comes with benefits and it comes with costs. A benefit of

fragmentation is that it allows an agent to keep all the well-justified propo-

sitions within their doxastic state, and not to have to suspend judgment

or do belief revision. The benefit of fragmentation is that it provides a

strategy for dealing with the epistemic situation the IPCC scientists find

themselves in that is superior to the cautious and risk-seeking strategies of

suspension of judgment and belief revision that orthodox epistemology pro-

vides. Is is superior in that it can explain and represent why the scientists

are rational, albeit not adhering to the norms of traditional rationality,

and furthermore, because it can solve the dilemma without making the

scientists have to give up either well-justified belief.

Fragmentation allows to represent the epistemic situation in a new way

that does justice to the specific epistemic conditions of the climate science

example. It also provides a mid-way strategy in another related respect that

concerns the normativity of classical logic for epistemic agents. Orthodox

epistemology has it that rational belief should be conform with logic. This

is, again, a cautious strategy. If an agent does not conform with the rules

of logic (such as closure conditions, not allowing for inconsistencies etc.),

they are irrational. On the other hand, there is a newer, more risk-seeking

strategy about the rationality of agents – namely that classical logic is

not the right normative guideline for the rationality of real agents. This

position entails that logical closure conditions on the agent’s doxastic state

can be discarded. Again, fragmentation is a mid-way strategy between

these two extremes. It does weaken the rationality criteria that orthodox

epistemology imposes while not completely letting go of closure conditions.

Being able to frame situations like the IPCC climate science example in a

new way is a significant advantage of fragmentation, because fragmentation

offers an account that is less restrictive than orthodox epistemology, and

thereby allows to classify highly epistemically able agents as rational (as

they should be classified), despite them violating traditional rationality

norms. At the same time, fragmentation needs to be restrictive enough

to remain normatively significant, because fragmentation should not be an

account of rationalising anything. I will shortly get in to these normative
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restrictions on fragmentation.

But at the same time, fragmentation does come with costs. One such

cost is that inferences can only be drawn within fragments, since any kind

of logical closure properties only hold within fragments but not across frag-

ments. The more fragmented an agent becomes, the more difficult it will be

to draw inferences. Furthermore, each fragment will have its own fragment-

relative justification relation. If there were very many fragments, one might

worry that agents would not be cognitively able anymore to track all of

these different justification relations and their differences, and thus, have

significant limitations in their ability to draw meaningful inferences. A

precise rule for how many fragments an agent can maximally rationally

entertain cannot be formulated, since rational fragmentation is sensitive to

multiple different criteria (as just presented) and the specific circumstance

under consideration. But the general principle that should be followed is:

“Introduce as many as necessary, but as few fragments as possible.”

In the example case, this means that it would not make sense to fragment

further beyond the two fragments that relate to the outputs of the two

different models, respectively. Furthermore, since the fact that two models

mean that two different but equally reliable sources of information existing

is a reason for why it makes sense to fragment, it would not be obvious as

to why one of those fragments should be fragmented further (i.e. to have

multiple fragments stemming from eg. model M).

Beyond the general rule of only maximising as much as necessary to

accommodate for the epistemic conditions of the situation at hand, there

are some more specific norms one can formulate about the limits for frag-

mentation within, as well as across, fragments, specifics on which which the

second precautionary rule depends.

4.6.1 Limits within fragments

How should fragments behave internally for a fragmented doxastic state to

be rational?

The answer to the first question is partially given by the restrictions on
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the plausibility orderings, the truth conditions of the justification relation,

as well as by the closure conditions on the justification relation.

The plausibility orderings constituting the different fragments all have to

be total pre-orders, that is, they have to be reflexive, transitive and total.

Reflexivity means that for every world, that world is more plausible or

equally as plausible as itself. This means that there can be equi-plausible

worlds. Transitivity means that for all worlds, if u is more (or equally)

plausible than v and v is more (or equally) plausible than w, then u is

more (or equally) plausible than w. And totality means that for all worlds,

either one world is more (or equally) plausible than the other, or the other

way round. In other words, all pairs of worlds are comparable in that one

precedes the other.

The reason why fragments are total and not partial is to represent the

fact that, here, what distinguishes fragments is not which propositions are

or are not accessible in what fragment (this would be accomplished by

making the orders partial), but rather, the variability of background infor-

mation that influences the plausibility assessment of the total information

W (thus the order is total). If one chose to want to model the first kind,

one could take fragments to be partial instead of total. The conditions

on the plausibility orders just outlined already place some limits on how a

fragment may permissibly look like.

Furthermore, recall the truth conditions of the (conditional) justification

relation: “(E) |∼≤A” is true iff in all most ≤-plausible worlds (in which

E is true), A is true. This poses another limit on what is rationally per-

missible within a fragment and what is not. The relation only holds if the

propositions in question are true in all most plausible (E-) worlds in that

fragment. It would not be sufficient if they were true in some most plausible

worlds, or, in worlds of any plausibility level. This makes it more difficult

for the justification relation to be validated, i.e. for a certain proposition

A to be justified.

Lastly, there are closure conditions imposed on the justification relation.

Within a fragment, traditional closure conditions, such as closure under

conjunction, and the explosion principle hold.
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4.6.2 Limits across fragments

The intra-fragmentary norms of fragmented justification just discussed are

in line with orthodox (unfragmented) epistemic rationality norms. But

what about inter-fragmentary rationality norms, i.e. norms for how differ-

ent fragments need to behave in relation to each other? Here, the present

account significantly departs from the orthodox rationality requirements

in that this account is relatively lenient with respect to inter-fragmentary

rationality norms. This is to achieve the goal of the account to relax those

orthodox rationality constraints for the account to be not too demand-

ing for real agents to adhere to, while being demanding enough to remain

normatively significant.

The main point about inter-fragmentary rationality norms is that differ-

ent fragments, i.e. different plausibility orderings, may differ significantly

from each other. Closure properties that hold within fragments do not

have to hold across fragments. This means that one fragment might, in

a very extreme case, assign maximal plausibility to a world w in which a

proposition A is true, whereas a different fragment might assign minimal

plausibility to world w, and instead, assigns maximal plausibility to a world

v in which ¬A is true. This leads to the possibility of a proposition A being

justified in one fragment, but not in another, or, alternatively, two incon-

sistent propositions A and ¬A being justified, each in a different fragment.

Because closure properties do not hold across fragments, if A is justified

relative to one fragment, and ¬A relative to another, then it does not mean

that A ∧ ¬A is justified overall.

But note that this does not have to be the case; different fragments

do not necessarily have to be incoherent with each other. But if they are

coherent, then the precautionary norms presented above would demand

checking whether the agent, indeed, finds themselves in a situation of epis-

temic pressure that cannot be solved by orthodox epistemology, otherwise

fragmentation would not be warranted.

It is an asset of this account that it can rationalise doxastic states as the

ones just described which would be called irrational by traditional accounts.
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Still, for fragmentation to be able to be rational, surely, there must be some

requirements on how different fragments should relate to each other.

There are two dimensions via which could take fragmentation to the

extreme. The first one is increasing number of fragments. The second one

is increasing the differences between the plausibility orderings involved. For

both dimensions, one can impose limits to prevent extreme fragmentation

on pain of irrationality.

For dimension number one: Fragmentation comes with benefits and costs

and the more fragments are introduced, the more the costs will outweigh

the benefits. One benefit of fragmentation is that it is able to rationalise

cases of agents that traditional accounts label irrational but where there are

strong intuitions that those agents are indeed rational, such as the climate

science example. Fragmented justification is able to explain why agents

can be rational in entertaining overall inconsistent sets of propositions,

or why a certain proposition can be both justified and not justified at

the same time for an agent. However, fragmentation comes with costs,

as already mentioned, such as the fact that inferences can only be drawn

within but not across fragments. The more fragments will be introduced,

the more restricted the agent’s capabilities of drawing inferences will be,

and the more justification relations they will have to mentally keep track of.

Therefore, as already explained, one should not introduce more fragments

than necessary to solve the problem at hand, and thereby limit the number

of fragments to avoid extreme fragmentation.

For dimension number two: One might want to have some limits on

how different the fragments may look – especially if there are many. To do

so, it is possible to stipulate a maximal distance measure between different

fragments / plausibility orderings. It will depend on the specific scenario

how exactly to choose such a measure – some scenarios will allow for more

leniency regarding how different fragments and thus plausibility orderings

may look for an agent to remain rational than others. Generally, an agent

should never fragment more than is necessary.
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4.7 De-Fragmentation

One might think that, while fragmentation might be epistemically war-

ranted in some circumstances, one should worry about practical rationality

when it comes to fragmentation. The reason one should worry is that,

often, it will be difficult to rationally act upon a fragmented and overall

inconsistent doxastic state, because it seems very difficult to find a rational

course of action based on an doxastic state containing information such as

A as well as ¬A. I mentioned that the IPCC reports are (or at least should

be) relevant to designing and deciding on climate policies. Imagine a policy

maker wanting to base climate policy on the basis of the IPCC scientists’

doxastic state. How should this be done if that state is fragmented and

overall inconsistent? This is why one should discuss options for getting rid

of fragmentation to ensure practical rationality. This is a novel discussion

within the fragmentation literature and the purpose of this last section.

The discussion of rational action and de-fragmentation is closely linked

to the topic of how the account of fragmented justification relates to the

concept of belief. In this section, I, first, argue that the account of frag-

mented justification is compatible with fragmentation accounts of belief.

Furthermore, I will argue that the account of fragmented justification helps

provide a rationality argument for account of fragmented belief. Since the

question of rationality of fragmented belief is one of the most important

questions in the literature on fragmented belief, one of the attractive fea-

tures of the account of fragmented justification developed here is that it

can boost the attractiveness of fragmented belief accounts by providing

an additional rationality argument for them. I will keep the topic of the

relationship between the account of fragmented justification and accounts

of fragmented belief rather concise, since the main focus will be how to

reach unfragmented belief, since this is what is commonly assumed to be

the appropriate basis for rational action.

Proper de-fragmentation for ensuring practical rationality requires a

suitable way to get from fragmented justification to unfragmented be-

lief. I provide an overview over potential de-fragmentation mechanisms
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and explain how finding a suitable way of getting rid of fragments is a

highly non-trivial endeavour that will often not yield satisfactory results.

I will argue that, often, no uniquely epistemically best aggregation mech-

anism exists, and that non-epistemic values will have to influence the de-

fragmentation process, because otherwise de-fragmentation would often not

yield any meaningful results.

4.7.1 Compatibility with fragmented belief

First, let us see why the account of fragmented justification is compatible

with fragmented belief. A detailed discussion of this is outside the focus

of this chapter, but the compatibility is important for further arguments

I make in this section. I show that the common notion of belief used

within plausibility frameworks similar to the one employed in the account

of fragmented justification developed here has a fragmented sibling that is

compatible with the present account of fragmented justification. There will

be many more and more sophisticated versions of fragmented belief that

can also be compatible with the present account, but working them out

would go beyond the scope of this chapter, and would be an interesting

avenue for further work, beyond this dissertation.

Within plausibility frameworks similar to the one that the account of

fragmented justification makes use of, the most common notion of belief

is that those propositions in the most plausible worlds are believed by the

agent (Baltag and Smets, 2011, Baltag, Fiutek, and Smets, 2016, Artemov,

Fitting, and Studer, 2024). For this notion, it is very easy to come up

with its fragmented sibling. For any fragment / any plausibility pre-order,

the beliefs relative to that fragment / pre-order will be the propositions

within the worlds that are within the most plausible worlds according to

that pre-order. This is the simplest and most closely related notion of

fragmented belief that that is compatible with the account of fragmented

justification developed here. They are compatible with each other, because

one can define fragmented belief and justification, all within one and the

same framework.

173



There are more possible and more sophisticated notions of fragmented

belief that one could come up with which would be compatible with the

present account of fragmented justification (which could include additional

constraints like, eg. a total evidence constraint, cf. Carnap, 1947, Good,

1966), but this is outside the scope of this project.

4.7.2 Boosting the attractiveness of fragmented belief

Second, I will show how one of the attractive features of the account of frag-

mented justification is that it is able to boost the credibility of fragmented

belief accounts by providing a rationality argument for them.

Unlike fragmented justification, fragmented belief is already an estab-

lished research field and the question whether fragmented belief is or can

be rational is being debated by some authors, such as Borgoni (2021) and

Yalcin (2021). All of them argue that fragmented belief can, in fact, be

rational, and thereby, that fragmentation of belief is not, per se, a failure

of rationality. All of them also agree on the rationality norms within frag-

ments, i.e. that belief fragments need to be internally consistent or coher-

ent. Where they differ is what they deem the appropriate inter-fragmentary

rationality norms to be.

The argument I will provide for the rationality of fragmented belief will

be independent of, but will also strengthen rationality arguments such as

Borgoni (2021) and Yalcin (2021) already present in the literature. I will

first present my argument and then explain why it strengthens the argu-

ments already present in the literature.

One of the main drivers behind the interest in the concept of justification

is that whether a belief is rational or not is commonly thought to depend on

whether that belief is well justified or not. What renders a belief rational

is its justification. Now, imagine an agent that is fragmented with respect

to belief. That agent entertains a number of belief fragments which each

contains belief propositions. Some of the propositions in some fragment

might be inconsistent with some propositions in a different fragment. If

what renders a single belief rational is its justification, what will render a
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fragmented set of beliefs rational must also have to do with the justificatory

status of the beliefs contained in the different fragments.

Let me take an intermediary step – what renders an unfragmented set of

beliefs rational? What renders an unfragmented and overall consistent set

of beliefs rational is the respective justification that each belief within the

set enjoys. Now if the structure of the belief set changes from an overall

consistent and unfragmented structure to a potentially overall inconsistent

and fragmented set, what can rationalise such a fragmented belief set, as

well as the beliefs contained in the different fragments, is if the justifica-

tions supporting said beliefs also exhibit a fragmented structure and if this

fragmented structure is warranted (as explained in section 5 and 6 of this

chapter).

In short the argument is the following: What renders a fragmented belief

state rational is the rational fragmentation of its underlying justifications.

Of course, in a specific situation where an agent exhibits a fragmented

belief set, it is not automatically given that her underlying justifications are

fragmented in a rational way. This is something that needs to be checked

in order to be able to assess whether there can be made a strong argument

for the rationality of the fragmented belief state via the fragmentation of

its underlying justifications.

How does this argument strengthen other rationality arguments for frag-

mented belief? Yalcin does not provide a positive argument but a number

of intuition boosts using analogies between fragmented belief and rational

disagreements of multiple agents or different (incompatible) perspectives

in inquiry, where consistency or coherence is/should not be required across

perspectives or inquiries.

Borgoni, like Yalcin, argues that fragments do not have to be consistent

with each other to be rational, but poses an alternative inter-fragmentary

rationality criterion: Responsiveness to evidence. The idea that, across

fragments, beliefs must be responsive to the available evidence can be un-

derstood as follows: “While the subject only thinks with the belief fragment

that is currently active in certain circumstances, the person’s inactive be-

liefs stand as pieces of evidence to which that active fragment ought to be
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sensitive” (Borgoni, 2021, p. 146). In other words, Borgoni argues that

evidence, i.e. justification, is an unfragmented, global (and globally acces-

sible) property of the agent’s belief set that any given belief in any given

fragment should be sensitive to in order to qualify as rational.

This means that beliefs in some fragment must be in some way sensitive

to the justificatory evidence within that fragment, but also to justificatory

evidence across fragments. This argument is not necessarily an argument

for allowing overall incoherent or inconsistent belief states. Borgoni argues

that an agent’s inactive beliefs in other fragments serve as the role of evi-

dence for the beliefs within the fragment that is currently active. However,

she does not specify further what exactly the criterion of responsiveness to

evidence entails. On one possible reading, it simply means that the beliefs

in the agent’s active fragment ought not contradict to the relevant evidence

/ beliefs the agent might harbour in other inactive fragments. But then,

this would be nothing other than requiring inter-fragmentary consistency

which seems, at least prima facie, to defeat the purpose of going fragmented.

If the reading should be something weaker, and the evidential beliefs in

other fragments do not necessarily need to be consistent with the beliefs in

the active fragment, it is not entirely clear what the “sensitivity” require-

ment stipulated by Borgoni means. It could mean something like: “Beliefs

in other fragments that have a similar subject matter to the belief in ques-

tion should be consistent with the belief in question”. However, this would

again boil down to a consistency requirement, restricted to propositions

about the same subject matter.

Assuming justification to be fragment-relative significantly strengthens

such rationality arguments for fragmented belief. The first argument by

Yalcin (2021) is strengthened because relativising justification to fragments

boosts the intuition that in fact, the fragment-relativity is so strong that

there is no separate viewpoint from which inter-fragmentary inconsistencies

might be perceived.

The second argument by Borgoni (2021) is strengthened because frag-

mented justification provides a concrete way on which beliefs ought to be

“responsive to evidence” that, importantly, does not potentially boil down
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to some version of requiring consistency across fragments: Beliefs in a cer-

tain fragment ought to be responsive to the evidence in the way that (belief)

propositions ought to stand in a valid fragment-relative support relation to

one or many justificatory propositions.

4.7.3 Reaching the goal of unfragmented belief?

After having established that the account of fragmented justification is

compatible with fragmented belief accounts, and that, in fact, supporters

of fragmented belief accounts should adopt a supplementary account of

fragmented justification to strengthen the rationality argument for frag-

mented belief, it is time to explore whether and how one can generate

unfragmented belief starting from fragmented justification.

It is known from social choice theory, in particular, from Arrow (1950)’s

impossibility theorem, that meaningful aggregation of preferences is not

possible given a number of prima-facie plausible rationality postulates. In

the judgment aggregation literature (cf. Dietrich and List, 2016) the same

has been shown for the aggregation of propositions. An instance of that

general result holds for plausibility pre-orders – some assumptions on what

a desirable aggregation mechanism should possess will need to be given up

in order to result in a unified overall plausibility pre-order (cf. eg. Rott,

2001, Bonanno, Delgrande, and Rott, 2012). Based on this seminal work,

it will not be surprising that finding aggregation mechanisms for fragments

that satisfy desirable properties, and, moreover, even generate useful /

interesting results is not trivial.

There are two main routes one can take to de-fragment. Though, the

first route is only a pseudo-route, because it does not actually get rid of frag-

ments, but produces a set of unfragmented beliefs while keeping fragments

intact. This route consists in aggregating on the sets of those propositions

that are justified in each fragment, individually. Pre-orders / fragments

remain present here (they are not being eliminate through the aggregation

process), which is why I focus on the second route that genuinely aims

at getting rid of fragmentation. It consists in aggregating pre-orders /
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fragments into one single pre-order which will then represent the overall

doxastic state of the agent25.

There are many different specific options for aggregating pre-orders.

Which aggregation mechanism to get rid of fragmentation will be the most

suitable will highly depend on the specific plausibility orderings at hand.

And it is important to note that, it will not always be possible to intelligi-

bly merge different fragments to one unique plausibility pre-order. I will go

though some of the most common options and explain how they might not

be producing an intelligible result for certain types of plausibility orderings.

First, the union of fragments. The first problem with this option is

that it is not clear what the union(-order) of two pre-orders supposed to

be. Attempting to take the union of two plausibility orderings ≤1 and ≤2

would result in an overall plausibility ordering that contains both, ≤1 and

≤2. If ≤1=≤2, then the union would just be ≤total=≤1=≤2. As soon as ≤1

and ≤2 disagree on the plausibility of certain worlds, the overall plausibility

ordering will not be able to satisfy its rationality criteria – because it would

have to but cannot assign a world w two different plausibility rankings at

the same time. Taking this to the extreme, if ≤1 and ≤2 were complete

opposites of each other, then taking the union of≤1 and≤2 would not result

in there being any interesting plausibility ordering anymore26, or else, an

incoherent ordering, which would be a very uninformative outcome of the

aggregation process, especially with regards to the goal of rational practical

action. The reason for this is that the more the orderings disagree on, the

more worlds it cannot intelligibly order in the overall ranking, because ≤1

and ≤2 disagree about their ranking. One may only hope to receive an

intelligible result when trying to take a union-order of two pre-orders.

Second, the intersection of fragments: Unlike for the union, the intersec-

tion of two pre-orders is a defined notion, but the resulting order will only

be partial. Taking the intersection of two plausibility orderings results in

25The literature sometimes calls the distinction between these two routes “compromise
vs consensus”.

26For the interested reader: Let ≤1 be t ≤ u ≤ v ≤ w, and let ≤2 be w ≤ v ≤ u ≤ t.
Then, the union would result in t = u = v = w.
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an overall plausibility ordering containing only what both plausibility or-

derings “agree on”. The more ≤1 and ≤2 “agree on”, the more informative

will the overall ranking ≤total be in the sense that it provides a plausibility

rank for more and more worlds, the more worlds ≤1 and ≤2 agree on. But

then, in a sense, the more ≤1 and ≤2 agree, the less informative the overall

ranking becomes, because it becomes more and more similar to ≤1 and ≤2

themselves. Now, the less ≤1 and ≤2 agree on, the less informative the

overall ranking will be in the sense that it will have to omit more and more

worlds and do not assign them any ranking at all, since ≤1 and ≤2 disagree

about their ranking. Similar to the union, this can be taken to the extreme

with to exactly opposing orderings ≤1 and ≤2. Here, there would not be

any overall ranking anymore27.

Third, one might think that unanimity or majority aggregation pro-

cedures might be an attractive option. In the case of more than two

fragments, majority could be an option. However, for both majority and

unanimity, but especially unanimity rules, the difficulty with respect to

fragmentation is that one of the key advantages of this account is that

fragments may differ significantly from each other. And this makes such

rules very difficult to be usefully applicable.

Another option, one might think, could be to compute the mean plau-

sibility value for each world28. However, this option does not work for

pre-orders, since there are no “plausibility values” attached to the different

worlds in the ordering. One might think that, one could still introduce val-

ues through coding orders through numbers that one attaches to the worlds

in the ordering. But again, those numbers are merely ordinal, and taking

an average or mean is not defined for an ordinal sequence like a pre-order.

The less extremely opposed fragments are, the more options for viable

aggregation mechanisms open up. But generally, it can be the case (as with

completely opposed fragments), that there might not be any suitable ag-

27For the interested reader: Let ≤1 be t ≤ u ≤ v ≤ w,and let ≤2 be w ≤ v ≤ u ≤ t.
Then, the intersection would result in each t, u, v and w being equally plausible with
itself, respectively, but there not being any overall plausibility ranking between t, u, v
and w.

28This could be interpreted as a variant of the Borda count (cf. eg. Pacuit, 2019).
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gregation procedure available. In any case, choosing a suitable mechanism

when in need of de-fragmentation is highly non-trivial.

What should one do about this? In some cases, de-fragmentation might

never become necessary and so the question for how to aggregate does

not arise. The first reason why this can be the case is that, fragments

containing inconsistent information might not get activated at the same

time for a certain practical decision. It might also be that they do get

activated at the same time but where this does not pose a threat to practical

rationality29.

But what if de-fragmentation is indeed necessary to be able to ensure

practical rationality? What about the climate science example? Imagine a

policy maker who wants to decide what policy to implement on the basis

of the newest justified scientific hypotheses. They will have significant

trouble deciding on a policy if they receive the information that A, as well

as the information that ¬A from the IPCC scientists. How should the two

plausibility pre-orders be aggregated?

One could decide to aggregate by extracting what both orders agree on,

which is A0, the proposition expressing the fact that global warming will

continue during the 21st century. But this is a very uninformative overall

doxastic state. It is not sufficiently precise to help the policy maker decide

on any policies on how to best prevent, mitigate or adapt to future climate

change. The policy maker needs to know whether global warming will ex-

ceed 2 degrees Celcius or not during the 21st century. The climate scientist

has a problem here, because they have good justification for both. As just

mentioned, using the intersection method, neither A nor ¬A will remain

in the de-fragmented doxastic state. Using the union, both would stay,

which does not help the policy maker either. Using majority / unanimity

rules will also not yield any interesting results, because, precisely, there are

two fragments that disagree about whether A or ¬A is justified. Using a

29Discussing this possibility goes beyond the scope of this chapter, but one example
case of this is the preface paradox, where the author of a book seems rational in believing
an overall inconsistent set of propositions. Here, contrary to the climate science case
discussed in this chapter, this does not pose a threat to practical rationality.
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mean plausibility measure might seem possible, but is impossible for the

plausibility pre-orders under consideration here.

In such a case, my argument is that non-epistemic value judgments need

to be employed to come up with a suitable aggregation mechanism. The

argument for this is a variant (and new application) of the seminal argu-

ment by Rudner (1953) (with variants by Hempel, 1965, Douglas, 2000

and Steele, 2012). There is a multitude of aggregation options available

but there is no purely epistemic “fact of the matter” as to which aggre-

gation mechanism will be best given a specific de-fragmentation problem.

Similar to the decision of background and modelling assumptions, deciding

on a de-fragmentation mechanism is a decision that is underdetermined by

evidence, and thereby, a decision that has to be made under inductive risk.

Rudner (1953) argues that the “gap” between the evidence and the deci-

sion is to be filled by ethically evaluating how serious a mistake in making

a false decision would be, i.e. by employing non-epistemic value judgments.

The argument for why non-epistemic value judgments should be em-

ployed when aggregating fragments is similar. When faced with a practical

decision problem for which multiple conflicting fragments are relevant, and

being unable to make a decision on purely epistemic grounds, the selection

of an aggregation procedure should be guided by evaluations of minimising

negative consequences when making a mistake.

In the case of the climate scientist, they should result in an overall

set of “beliefs” that is consistent and that contains from A and ¬A that

proposition that minimises negative practical consequences if it were false.

This means that the scientist should choose to accept A instead of ¬A,
because falsely accepting that climate change won’t be as severe as it will

actually be, will cause less strict policy measures, which, in turn, can lead

to far worse consequences than falsely accepting that climate change will

be more severe than it will actually be.

Note how the term “belief” was just used in quotation marks. On the

basis of these considerations, one can conclude that whatever results from

either aggregation process should potentially not be called belief, but rather

something like the set of “accepted propositions”. The reason for this is
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that through using an aggregation mechanism and employing non-epistemic

values, the central goal of belief of “aiming at the truth” might get lost.

Instead, the purpose of the “beliefs” generated is not necessarily to capture

the truth as best as possible, but, rather, to be the best possible disposition

for rational practical action.

These considerations only become relevant for practical action. Only

when, after reading the IPCC report, the policy maker gets back to the

scientists, and tells them that they cannot rationally act upon the asserted

fragmented belief set, then the scientists should de-fragment. Purely epis-

temically, there is nothing wrong with having incompatible fragments. It is

only when considering practical rationality that de-fragmentation by way

of employing non-epistemic value judgments can become necessary.

4.8 Conclusion

The aim of this chapter was to present and motivate an account of frag-

mented justification. There are epistemic situations where the strategies

of orthodox epistemology are unfitting tools. There are cases, like the

IPCC climate scientist case presented and developed in this chapter, where

agents seem justified in believing jointly inconsistent sets of propositions,

and where orthodox epistemology can only provide unsatisfactory solu-

tions to the problem this poses. The reason why this can happen is the

fragmented nature of justification in situations of severe uncertainty. And

orthodox epistemology cannot represent or explain this, while the account

developed in this chapter can.

Furthermore, I have presented and elaborated on reasons for fragmenta-

tion, as well as some precautionary norms that should govern fragmented

justification. I have explained how the account of fragmented justification

is compatible with fragmented accounts of belief, and that, supporters of

fragmented belief accounts should also adopt a fragmented account of jus-

tification, because fragmented justification can be viewed as a rationality

argument for the fragmentation of belief.
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I have shown how there is no generally applicable rule on how one should

go about de-fragmenting one’s doxastic state to result in unfragmented

belief, when facing problems concerning practical rationality and action. I

have argued, drawing from the seminal Rudnerian inductive risk argument,

that the choice as to how one should de-fragment in a specific situation

where fragmentation poses a threat to practical rationality needs to be

guided by non-epistemic value considerations.

Subject to further work in the following chapters will be the develop-

ment of a Bayesian / probabilistic version of fragmented justification. And

furthermore, another avenue for fruitful further research that goes beyond

the scope of this dissertation would be, as mentioned to investigate in more

detail the varieties of accounts of fragmented belief (and their formal sub-

tleties) that could be compatible with fragmented justification, and to come

up with a unified account of fragmented justification and justified belief.
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Chapter 5

Fragmented Bayesianism

This chapter moves from a qualitative account of fragmented justification

to a quantitative or probabilistic one. It presents a very general version of a

fragmented account of Bayesianism as an epistemic theory of justification.

First, it will recall the central theses of orthodox Bayesianism, and provides

an overview over the notions of justification that can be formulated within

orthodox Bayesianism. It, then, presents a very general account of frag-

mented Bayesianism, and then provides a list of parameters along which

the account can be made moderately or very fragmented, depending on

which and how many of those parameters one chooses to relativise to frag-

ments. It, furthermore, presents an argument for fragmented Bayesianism.

I first provide a very general argument for fragmentation, and the pro-

vide arguments in favour of the fragmentation of each of the parameters.

Lastly, the chapter concludes by a brief comparison between the account

of fragmented Bayesianism developed here and the qualitative account of

fragmented justification developed in the preceding chapters.

5.1 Introduction

Fragmentation accounts of doxastic attitudes have been explored exten-

sively for binary (all or nothing) attitudes, such as belief (cf. Davidson,

1982b, Lewis, 1982, Stalnaker, 1984, and Borgoni, Kindermann, and Onofri,
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2021). In previous chapters, I have developed a binary / qualitative frag-

mented account of justification (of binary belief). However, there is less

work on a fragmented account of degrees of belief, let alone fragmented

versions of quantitative accounts of justification.

In this chapter, I will develop a fragmented version of Bayesian justifica-

tion, departing from some work that has already been done on fragmented

versions of Bayesianism by Elga and Rayo (2022), Fleisher (2023), as well

as the literature on imprecise probabilities (cf. Kyburg, 1968, Levi, 1974).

Orthodox Bayesianism provides multiple different notions of justifica-

tion. I will cash them out and will provide fragmented Bayesianism as a

possible way of dealing with the availability of multiple different and at

times incompatible notions of justification present in orthodox Bayesian-

ism. I present the account of fragmented Bayesianism, and I show how

fragmented Bayesianism has multiple parameters along which it can be

made more or less fragmented, and thereby, more or less close to traditional

Bayesianism. I will argue, similar to how I did for fragmented qualitative

justification, that the necessity to reason and make decisions under uncer-

tainty is the main justifying factor for fragmented Bayesianism. Finally,

I will compare the quantitative account of fragmented justification devel-

oped here to the qualitative account of fragmented justification developed

in earlier chapters.

The chapter will be structured as follows: Section 2 recalls the central

theses of orthodox Bayesianism, and provides an overview over the notions

of justification that can be formulated within orthodox Bayesianism. Sec-

tion 3 presents a very general account of fragmented Bayesianism, and then

provides a list of parameters along which the account can be made mod-

erately or very fragmented, depending on which and how many of those

parameters one chooses to relativise to fragments. In section 4, I present

an inductive risk argument in order to justify fragmentation. I first provide

a very general version of it, and then provide (inductive risk) arguments

for the fragmentation of each of the parameters. Lastly, the chapter con-

cludes by a brief comparison between the account of fragmented Bayesian-

ism developed here and the qualitative account of fragmented justification
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developed earlier.

5.2 Orthodox Bayesianism

The slogan of orthodox Bayesianism can be summarised as this: Keep your

degrees of belief (i.e. subjective probability / credence function) coherent

(i.e. adhere to the axioms of probability) at all times, and update them by

way of Bayesian conditionalisation as new information comes in.

The core of orthodox Bayesianism thus consists of two theses, probabil-

ism and conditionalisation (the formulation of those theses I use roughly

follows Vallinder, 2018). Let W be a finite (for reasons of simplicity) and

non-empty set of possible worlds. Then A is a powerset algebra on W –

it is the set of all subsets or powerset of W . This algebra comprises all

propositions P within W . Then, Bayesianism is the combination of the

following two theses:

1. Probabilism: A rational agent’s degrees of belief are represented by a

credence function c which is a function from A into the interval [0, 1].

This means that it assigns a credence value between zero and one to

all propositions in the logical space. The credence function c respects

the axioms of probability theory (Kolmogorov axioms):

1) c (P ) ≥ 0, for all P

2) c (W ) = 1

3) For incompatible (mutually exclusive) propositions P and Q:

c (P ∪Q) = c (P ) + c (Q)

2. Conditionalisation: A rational agent updates her degrees of belief over

time by conditionalising her credence function on all the evidence

she has received. If an agent with credence function c0 learns new

evidence E between t0 and t1, then her new credence function c1 is

given as c1 (P ) = c0 (P | E)1.

1Using the Bayes Theorem, this conditional probability can be reformulated which
makes it easier to calculate in practice.
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So far, this definition is similar to the definition of Bayesianism pro-

vided in the literature overview chapter2. However, there are some more

parameters that are implicitly present in orthodox Bayesianism and that

have to be made explicit to show how they react to the introduction of

fragmentation into the account.

Firstly, a credence function comes with a notion of background knowl-

edge, K, implicitly encoded into the function. The background knowledge,

K, associated with a credence function c, is the set of worlds in W / propo-

sitions in A, that receive non-zero credence by the credence function, c, i.e.

K = {P1, P2, ..., Pn}, where c (P1) ≥ 0 and ,..., and c (Pn) ≥ 0. In other

worlds, the background knowledge K associated with a particular credence

function c are those propositions that are epistemically possible according

to that particular credence function. Conditionalisation always happens on

the new piece of evidence received, but moreover, happens always implic-

itly on the information the agent has already gathered hitherto, i.e. their

background knowledge K.

Secondly, a credence function c not only comes with a set of background

knowledge, K, but it implicitly comes with something called an ur-prior, U ,

which describes the belief state of the agent “before they learn anything at

all” (Fleisher, 2023). This means, the ur-prior describes the agent’s belief

state, before they have any kind of background knowledge K to use as their

prior when learning new information and engaging in the process of condi-

tionalisation. The ur-prior contains the agent’s basic epistemic standards,

and is used to conditionalise on while the agent does not have required any

background knowledge yet, but is also always implicitly conditionalised on,

even when the agent has background knowledge, because the agent’s epis-

temic standards need to be “remembered” through her learning process.

Thirdly, as is already explicit in the definition, a credence function is

defined on a specific algebra A which, in turn, is defined on a set of worlds

2In the introductory chapter, I have also introduced the principal principle as a
cornerstone of Bayesianism which I am consciously omitting here, because it is less
relevant with regards to fragmentation. The reason why it is less relevant is that if
an agent knows the objective chance of an event, then there is not enough uncertainty
involved to warrant fragmentation in the first place.
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W .

And lastly, and very intensely discussed in the Bayesianism literature,

is the notion of justification / the confirmation measure that is chosen to

go along with a credence function c:

5.2.1 Notions of justification therein

Let us look at the different notions of justification that are present in or-

thodox Bayesianism and how they relate to the landscape of traditional

accounts of justification. First, note that, generally, Bayesianism can be

viewed both as a(n epistemic) theory of justification as well as as a decision

theory (a theory of practical rationality), or both. In this chapter, I focus

on Bayesianism as an epistemic theory of justification.

Bayesianism, understood as an epistemic theory of justification, contains

multiple implicit notions of the concept of justification. They are implicit,

because standard definitions of Bayesianism, by themselves, do not state

any explicit definition of the concept of justification. Within Bayesianism,

the concept of justification is there, but it is “hidden” behind and to be

spelled out via the concept of credence. Commonly, what orthodox epis-

temology understands as “justification” is understood in Bayesianism as a

confirmation or support measure (cf. eg. Fitelson, 1999, Hartmann and

Sprenger, 2010, Crupi, 2021). Bayesianism provides an array of notions of

justification, which I will label M , that are “hidden” behind the credence

formalism:

a. absolute notions of justification

i. Proposition E is a justification for proposition P (given back-

ground K, and given an ur-prior probability measure U) just in

case c (P | E ∧K ) > c (P | K )

ii. Proposition E is a justification for proposition P (given back-

ground K, and given an ur-prior probability measure U) just in

case c (P | E ∧ K ) > t, where t is a (Lockean) threshold that

may be set, eg., to 0.5 or 0.9 etc.
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iii. combinations of i. and ii.

b. ordinal and quantitative notions of justification

iv. Proposition E is a stronger justification for P than proposition

E ′ (given background K, and given an ur-prior probability mea-

sure U) just in case c (P | E ∧K ) > c (P | E ′ ∧K )

v. The degree of justification of proposition P is x just in case

c (P ) = c (P | E ∧K ) = x

c. mixed notions

vi. combinations of i.-v.

Within the literature on Bayesian confirmation or support measures that

can be interpreted as different notions of justification, it has been shown

that a lot hinges on the choice of the concept of justification / confirma-

tion measure3. The validity of important arguments within Bayesianism

hinges on the choice of confirmation measure (eg. shown via the so-called

Popper-Miller argument, cf. Popper and D. Miller, 1983, Gillies, 1986, Fi-

telson, 19994.). These different notions of justification are not necessarily

compatible with each other and can yield wildly different results about the

kind of claims that will be well-justified / well-confirmed.

Importantly, and this makes the topic of choice of concept of justifica-

tion so widely discussed, is that, purely epistemically, there is no uniquely

better or worse concept of justification / confirmation measure. They are

3In the confirmation measure literature, some of the most prominent confirmation
measures go under the following names: difference measure, counterfactual difference
measure, the log-ratio measure, the log-likelihood measure, Carnap’s relevance measure,
cf. eg. Fitelson (1999), Hartmann and Sprenger (2010) and many others (cf. eg. Tentori
et al., 2007, Atkinson, 2012, Fitelson, 2021). In fact, those confirmation measures fall in
the category non-absolute / relative notions of justification above. But I will not discuss
them in detail, because the more abstract classification suffices for the purposes of this
chapter.

4The argument fundamentally attacks Bayesianism as a theory of inductive prob-
ability and argues that “all probabilistic support is purely deductive”. However, the
argument hinges on a property of a specific notion of justification / confirmation mea-
sure – the additivity property of the so-called difference confirmation measure.
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able to achieve different things, and can be helpful for different purposes.

Therefore, choosing a suitable concept of justification to employ is a choice

that has to be made under inductive risk. Inductive risk is the risk of being

wrong when making a choice under uncertainty.

There are multiple proposals in the literature on how to deal with mak-

ing decisions under inductive risk, such as Rudner (1953), Jeffrey (1956),

Douglas (2000), and Steele (2012). In his seminal argument, Rudner ar-

gues that in order to make decisions under inductive risk, i.e. to bridge

the gap between the available evidence and a decision, one needs to employ

non-epistemic value judgments. Douglas (2000) and Steele (2012) extend

this argument to various other parts of the scientific process, as well as to

the intersection between science and policy. Jeffrey (1956) takes another

route, and argues that it is not necessary to employ non-epistemic value

judgments, despite the presence of inductive risk. Instead, he argues that,

when dealing with a particular topic, such as the effectiveness of a certain

vaccine, the scientist’s job is not to finally accept or reject a hypothesis

about the topic, i.e. it is not their job to make a decision under inductive

risk. Instead they should simply stop when they arrive at a probability

distribution on the basis of their research. Like this, they can avoid em-

ploying non-epistemic values – by not bridging the gap from evidence to the

acceptance or rejection of a hypothesis at all. However, to simply come up

with a probability distribution over outcomes, certain decisions under in-

ductive risk need to be made, too. One of them is the choice of confirmation

measure, which is underdetermined by evidence.

Fragmentation will provide another way of dealing with the inductive

risk associated with certain decisions one has to make when learning about

the world and updating one’s doxastic state, such as the choice of an ap-

propriate confirmation measure.

After introducing the parameters of background knowledge K, ur-prior

U , algebra A, and notions of justification / confirmation measure M , let

me state again a definition of orthodox Bayesianism in a way that contains
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these parameters5:

LetW be a finite (for reasons of simplicity) and non-empty set of possible

worlds. Then A is an algebra on W ; it is the set of all subsets or powerset

of W , and it comprises all propositions P within W . Then, Bayesianism is

the combination of the following two theses:

1. Probabilism: A rational agent’s degrees of belief are represented by a

credence function c which is a function from A into the interval [0, 1].

This means that it assigns a credence value between zero and one to

all propositions in the logical space. The credence function c respects

the axioms of probability theory (Kolmogorov axioms):

1) c (P ) ≥ 0, for all P

2) c (W ) = 1

3) For incompatible (mutually exclusive) propositions P and Q:

c (P ∪Q) = c (P ) + c (Q)

2. Conditionalisation: A rational agent updates her degrees of belief over

time by conditionalising her credence function on all the evidence she

has received. Let U , the ur-prior for c, encode the agent’s epistemic

standards. Let K be the background knowledge the agent possesses,

i.e. the set of live possibilities, the propositions that receive non-zero

probability. If an agent with credence function c0 learns new evidence

E between t0 and t1, then her new credence function c1 is given as

c1 (P ) = c0 (P | E ∧K ( ∧ U ))6.

5The only parameter missing from this definition is the notion of justification / con-
firmation measure, simply, because this parameter is not set when defining orthodox
Bayesianism. In other words, the definition orthodox Bayesianism is compatible with /
allows different notions of justification within the account.

6Using the Bayes Theorem, this conditional probability can be reformulated which
makes it easier to calculate in practice.
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5.3 Fragmented Bayesianism

This section introduces an account of fragmented Bayesianism. There is

some work on fragmented versions of Bayesianism already present in the

literature, however, it is not much, and this account will be more gen-

eral than the ones postulated so far. Depending on how one chooses to

set the fragmentation parameters I will introduce, and some additional as-

sumptions, the accounts already existing by Elga and Rayo (2022), Fleisher

(2023) will be variants of this account. But the aim here is to provide a

very general formulation of fragmented Bayesianism and to spell out the

dimensions along which one can make the account more or less fragmented,

and thus, more or less close to orthodox Bayesianism.

According to fragmented Bayesianism, an agent’s doxastic state can

be represented not by one, but by a set of Bayesian credence functions,

c1, ..., cn
7. These credence functions, c1, ..., cn, will, either come with their

own algebra A, set of background knowledge K, ur-prior U and notion of

justification / confirmation measure M , or all of them or some of them can

share the same algebra A, set of background knowledge K, ur-prior U and

notion of justification / confirmation measure M .

Each credence function corresponds to a mental fragment of the agent.

Each fragment, internally, ought to adhere to the rules of orthodox Bayesian-

ism. This means, each individual credence function ought to obey to the

axioms of probability, and updating should happen, in each fragment in-

ternally, via the conditionalisation process. There will be multiple options

for how this conditionalisation process in a fragmented setting can look like

exactly. I set fragmented conditionalisation aside in this chapter, but will

talk more about it in the subsequent one.

What makes fragmented Bayesianism significantly different from ortho-

dox Bayesianism is that not one but multiple credence functions are allowed

within one single doxastic state. And with that comes that it suddenly be-

comes permissible for different fragments to have assigned different levels

7I assume a finite set for reasons of simplicity.
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of credence to potentially one and the same proposition. Fragmentation

allows for doxastic states containing epistemically conflicting information.

Of course, there is need for an argument for why being in such an epis-

temic state could be rational – I will give en inductive risk argument for

the rationality of fragmented Bayesianism in section 4. Before that, I will

now delve into a list of (formal) parameters that the account of fragmented

Bayesianism contains, and that can be adjusted to render the account more

fragmented, or closer to traditional Bayesianism. They can also be adjusted

to model different types of fragmentation.

5.3.1 Parameters

I will now introduce a number of parameters into the basic formal structure

of fragmented Bayesianism consisting of a finite set of credence functions

c1, ..., cn.

Background knowledge K: As already explained, orthodox Bayesian-

ism always implicitly conditionalises on a set of background knowledge, K.

Even if a credence in a proposition “looks like it is not conditional on any-

thing”, like c(P ), there is always an implicit conditionalisation on a set of

background knowledge K taking place, so c(P ) is a shorthand for c(P | K).

Orthodox Bayesianism usually omits making K explicit, because it is clear

that it is always being implicitly conditionalised on (cf. Earman, 1992).

One motivation for fragmented accounts of doxastic attitudes often pre-

sented in the literature is limited information access (cf. Elga and Rayo,

2021, Elga and Rayo, 2022, Fleisher, 2023). Agents often have some infor-

mation available in some circumstances, but different information available

in others, and this phenomenon is one of the main motivators for existing

accounts of fragmentation, where exactly this phenomenon can be mod-

elled.

For orthodox Bayesianism, the background knowledgeK is global; when-

ever the agent reasons, they use and conditionalise on the same global set

of background information. Going to a fragmented version of Bayesian-
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ism, the set of background knowledge, K, does not have to, but can be

made fragment-relative. This means that fragmented Bayesianism pro-

vides the option of modelling limited and fragmented information access.

If one chooses to do so, then each fragment / credence function cn will come

with its own fragment-relativised set of background knowledge Kn. Then,

contrary to orthodox Bayesianism, there is no global set of background

information, but multiple (potentially incompatible) sets of background in-

formation, K1, ..., Kn, that are, each respectively, associated with one of

the credence functions, c1, ..., cn, making up the agent’s doxastic state.

Note, however, fragmentation does not necessarily require K to be c-

relative (fragment-relative). K could still remain a global feature of the

agent’s doxastic state. Then, the resulting version of fragmented Bayesian-

ism would be closer to orthodox Bayesianism. But fragmentation provides

the option of relativising K to fragments. In this case, the resulting version

of fragmented Bayesianism would be more permissive, and thereby further

away from orthodox Bayesianism.

Having the option to choose whether to keep K global or whether to

make it fragment-relative is attractive because it allows one to use and

adapt fragmented Bayesianism to model a variety of scenarios. There might

be cases where fragmentation is warranted, but not because background

knowledge is access-limited. But at the same time, there will be cases where

fragmentation is warranted, because the agent has limited information ac-

cess. And furthermore, rendering background knowledge fragment-relative

can help solve central probes of orthodox Bayesianism, such as the prob-

lem of omniscience (Elga and Rayo, 2022), and the problem of old evidence

(Fleisher, 2023).

(Sub-)Algebra A: Now, one can even go one step further than relativis-

ing background knowledge K to fragments. Instead of defining all frag-

ments c1, ..., cn on the same algebra, A, one can further depart fragmented

Bayesianism from orthodox Bayesianism by allowing for each fragment /

credence function cn to be defined on a different algebra An, or different

sub-algebras, A′
n, of the same overarching algebra A.
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This would further develop the idea presented above of limited informa-

tion access, where now, it is not just background information that is limited

and fragment-relative but information more generally. Committing to rel-

ativising the algebra A to fragments could mean that, eg., c(P ) could be

defined for one fragment / credence function, but not for another fragment

/ credence function.

There is another potential application for fragmenting the algebra. A

version of fragmented Bayesianism where each credence function comes

with a different sub-algebra A′ of the overall algebra A (or different parti-

tions on W which induce the different sub-algebras), can be used to model

levels of description, awareness, or even ontology (List and Pivato, 2015,

List, 2017, similar approach also in Leitgeb, 2017). Let me briefly explain

how: By allowing for different fragments to correspond to different sub-

algebras of A (or different partitions on W ), one can model the fact that

an agent is aware of different aspects of the overall algebra in different cir-

cumstances8. But one can also model more things; List and Pivato (2015)

show how objective chance on a high level of description can be compatible

with determinism on lower levels of description. For example when toss-

ing a coin, on a high level of description, one seems to be able to ascribe

objective chances to the potential outcomes of the coin toss, whereas on a

low level “the initial state of the coin determines the outcome” (List and

Pivato, 2015). Subsuming both, objective chance, as well as determinism

“under one hat”, so to speak, has been a challenge, and commonly, it has

been argued that objective chances on higher levels of descriptions are ac-

tually agent’s subjective and uncertain degrees of belief about the events

in question. The authors show how both objective chance and determin-

ism are actually compatible, roughly, by showing that “different levels of

a system correspond to different specifications of the systems state space

[...], at different levels of coarse-graining, which induce different [algebras

of propositions] on which probabilities are defined”.

A fragmented account of Bayesianism where the algebra A is fragmented

8This is why this could connect fragmentation to the awareness literature, cf. eg.
Belardinelli and Schipper (2024).
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into different sub-algebras A′ would be the perfect epistemic theory to sit in

the back of an account like this, since it models an agent who does exactly

what List and Pivato (2015) propose. The agent has different fragments

that come with different levels of grain, and thus, different sub-algebras,

which makes it possible for the agent to believe that objective chance and

determinism can co-exist at different levels of description, which, behind

this backdrop, would correspond to / be realised within different fragments

of the agent’s doxastic state. This would be one attractive application

of the fragmented Bayesianism framework where the algebra parameter is

relativised to fragments.

Again, by relativising A to fragments, one makes the resulting version

of fragmented Bayesianism depart further from orthodox Bayesianism than

its version when keeping A global / unfragmented.

Notion of justification / confirmation measure M( & threshold

t): Another option for making fragmented Bayesianism more or less frag-

mented is deciding whether to allow for only one global or many, at most

one per fragment, confirmation measures / notions of justification, M .

As already explained, orthodox Bayesianism allows one to formulate

multiple different and sometimes incompatible measures of justification /

confirmation. Another way to increase the level of fragmentation in frag-

mented Bayesianism is to allow each fragment to have its own unique mea-

sure of confirmation / concept of justification. As not all confirmation

measures are compatible, this could result in different notions of confir-

mation / justification being at work for one and the same agent and thus

for potentially jointly incompatible propositions to be confirmed / justified

in different fragments of the agent’s doxastic state. Again, depending on

whether one stipulates a specific confirmation measure of the global doxas-

tic state of the agent or whether one allows for a variety of fragment-relative

confirmation measures, the resulting account will be more close or more far

away to orthodox Bayesianism.

Should one choose a confirmation measure including a threshold for jus-

tified credence (or justified belief, if one employs a Lockean account, cf.
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Leitgeb, 2017), t, then this will be a further parameter that can either be

left globally defined, or fragment-relativised. One can decide whether to

globally set a threshold t for all fragments employing a measure of confir-

mation including a threshold, or whether to allow for thresholds to be set

individually in each individual fragment.

Ur-prior U : For orthodox Bayesianism, the ur-prior is the hypothetical

probability function that describes the doxastic state of the agent before

learning “anything at all” (cf. Fleisher, 2023). Then, the the agent’s cre-

dences at a certain time are given by conditionalising on the ur-prior, and

on all evidence and background knowledge the agent possesses at that time.

Ur-priors also “encode the most basic epistemic standards to which

the subject is committed” (cf. Fleisher, 2023). Those are the standards

the agent has about how one should properly respond to evidence (cf.

Meacham, 2016). Orthodox Bayesians disagree over what set of epistemic

standards an agent ought to have. Objective Bayesians argue that an agent

should only have a single set of epistemic standards, which means that there

is only one way of properly constructing the ur-prior (cf. J. Williamson,

2010). Subjective Bayesianism on the other hand allows for more variation

and does not require for there to be only one acceptable set of epistemic

standards / one acceptable ur-prior. It is possible to make an inductive

risk argument against objective Bayesianism, which will be part of section

5 of this chapter.

For now, the purpose is merely to show that there is multiple ways

in which fragmented Bayesianism can take on board commitments about

ur-priors. Depending on whether one requires one global ur-prior that con-

strains all fragments, or whether one allows for some / all fragments to

have their own ur-priors, the resulting account of fragmented Bayesianism

will be more or less far apart from orthodox Bayesianism. Note that al-

lowing different ur-priors in different fragments goes beyond the position of

subjective Bayesianism within orthodox Bayesianism. The reason for this

is that subjective Bayesianism says that there can be multiple correct ur-

priors, but fragmented Bayesianism with fragment-relativised ur-priors says
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that it can be correct to employ multiple different ur-priors at the same

time within one and the same doxastic state, which is a much stronger

commitment.

Even when allowing for ur-priors to be fragment-relative, however, one

can restrict the permissiveness of the resulting account to a certain degree.

One can, for example, require “subjective similarity” (cf. Fleisher, 2023).

According to this requirement, different fragments are allowed to come with

different ur-priors, but they have to be “close enough” to the others. This

requirement can be set in place to avoid ad-hoc choices of epistemic stan-

dards, and to “ensure that evaluations of evidential responses result from

appeal to the subject’s general epistemic commitments” (Fleisher, 2023).

If one wants the fragments to be “sufficiently similar”, then one has to

define what “sufficiently similar” means. One way of doing so is by appeal

to distance measures from the literature on scoring rules (cf. Joyce, 1998,

Pettigrew, 2016, Dunn, 2019, Fleisher, 2023). With the necessity to define

a precise measure of what “close enough” means, again, there is the option

to define one global measure for what it means, or to define different mea-

sures for different subsets of the total set of fragments.

In this section, I have presented a very general version of fragmented

Bayesianism and have provided a number of parameters, background knowl-

edge K, (sub-)algebra A, confirmation measure M and threshold t, as well

as ur-prior U , that can be either relativised to fragments which results in

a more fragmented version of fragmented Bayesianism, or kept global /

unfragmented.

The more parameters one chooses to relativise to fragments, the more

fragmented the resulting account will be. Furthermore, although it is not

the focus of this chapter, the more parameters become fragmented, the

more difficult the process of de-fragmenting will become, that is, the process

of merging the individual fragments / credence functions into one overall

credence function that describes the aggregate doxastic state of the agent.

The account presented here differs from existing accounts of fragmented
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Bayesianism (such as Elga and Rayo, 2021, Elga and Rayo, 2022, Fleisher,

2023) in that it is much more general and, unlike them, provides an overview

over all the options available within the Bayesian machinery for fragmen-

tation.

5.4 An argument for fragmentation

One might ask – fragmented Bayesianism is a nice formal gimmick that

allows for different parameters of orthodox Bayesianism to be fragmented,

and thereby weakens the orthodox account. But why does fragmentation

make sense? Why would one need a fragmented account of Bayesianism in

addition to or instead of the orthodox account?

In this section, I will provide what I call an inductive risk argument

for fragmentation. This argument is similar to other arguments for frag-

mentation already presented throughout this dissertation. The core idea of

this argument is that what justifies fragmentation is uncertainty and the

inductive risk that is associated with reasoning under uncertainty. In other

words: If one wants to provide a model of the doxastic state of an agent

who has to reason under (severe) uncertainty, an account like fragmented

Bayesianism may be more appropriate than its more orthodox counterpart.

The reason for this is that if the uncertainty is severe enough, then the

choice of parameters such as background information K, algebra A, confir-

mation measure M , or ur-prior U will be epistemically underdetermined.

I will now provide an inductive risk argument in favour of fragmented

Bayesianism in its most general form, as well as for the fragmentation of

each of the parameters presented above, individually.

5.4.1 Argument for fragmentation

The main justification for fragmentation is uncertainty. This argument has

already been extensively developed for the qualitative account of justifica-

tion, and can be transferred to Bayesianism without much modification.

Therefore, I will merely provide a brief synthesis here. What will change
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is that there are many more options than the qualitative framework for

modelling the reasons for why conflicting but equally justified information

can occur in the first place.

Let’s recall and slightly modify the example from the previous chap-

ter. One the basis of one climate model, a climate scientist forms credence

c(P ) = 0.7 in proposition P , but on the basis of a different climate model,

she forms credence c(P ) = 0.3. The reason for why she results in having

conflicting opinions about P is not that either credence is wrong. They

were generated on the basis of two highly reliable climate models. The

reason is that both models operate on the basis of different sets of back-

ground assumptions. And the reason why it is epistemically justified to

operate on different sets of background assumptions is uncertainty. The

choice of modelling assumptions and background information to consider

is underdetermined by the evidence, and thus, these are choices that have

to be made under inductive risk, i.e. the risk of being wrong when making

such a choice under uncertainty.

The credences the scientist has are a problem for orthodox Bayesianism,

because they do not obey the rules of probabilism. Orthodox Bayesianism,

and more generally, orthodox epistemology, provides options for dealing

with such situations. My argument is that these traditional options are not

satisfactory for cases like the climate science case, and that fragmentation

is an option for dealing with such a situation that much better respects the

epistemic subtleties of such situations.

The first option is suspension of judgment – if you can’t decide on

what credence to assign proposition P , remain neutral until you can. For

Bayesians, this usually means, if you’re unsure, randomise until you do not

have to randomise. But randomisation, here, would not reflect the fact

that these two conflicting credences are based on reliable climate models

and that they are well justified.

The second option would be to require one to retain coherence, to com-

mit to either one or the other credence in P . For this strategy, the begging

question would be how to choose which credence to throw into the epistemic

trash and which one to keep, given that, again, deciding which credence
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is epistemically better or worse is underdetermined by the available evi-

dence. Therefore, just ditching either credence would be a completely ad

hoc decision, and one would achieve coherence by giving up potentially very

valuable information.

Fragmentation is an alternative strategy to those just presented. It does

not force one to get rid of either doxastic attitude, while getting rid of the

outright incoherence that both orthodox options want to tackle. How? By

allowing for the scientist’s doxastic state to be made up of two different

credence functions, one, c1 that takes as background information the data

generated by one model, and the other one, c2 that takes as background

information the data generated by the other model. The two credence

functions can disagree over what credence to assign to a proposition such

as P . But each credence function, individually, needs to remain coherent,

and adhere to the tenets of orthodox Bayesianism. Thereby, one manages

to avoid having an incoherent credence function, but instead “contains”

the incompatible information within different credence functions / different

fragments.

Fragmentation is an attractive way to deal with the epistemically risky

but albeit well-justified information-state the climate scientist finds herself

in here.

5.4.2 Arguments for fragmentation of parameters

As presented in section 2, fragmented Bayesianism allows for much frag-

mentation beyond merely allowing for an agent’s doxastic state to consist

of multiple credence functions instead of just one.

Background knowledge K: The argument for fragmented background

knowledge is only indirectly an argument from uncertainty and more di-

rectly an argument stemming from the psychological reality of agents, even

epistemically highly able agents – their lack of omniscience and the lack

of information or selective availability of information they are often faced

with. Part of the reason for this can be uncertainty, but even when dealing
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with a subject matter leaving little to no room for uncertainty (such as

logic), fragmentation of background knowledge might, in some cases, still

be warranted, because it better describes the informational situation the

agent finds themselves in.

Fragmenting background knowledge is a way of representing the lack of

omniscience agents often have to deal with. It can be a way of representing

limited and circumstance-specific access to information which, in the liter-

ature on fragmentation, is one of the main motivating factors for employing

a fragmented epistemology.

(Sub-)Algebra A: Taking the reasoning on background knowledge one

step further, one can relativise the algebra A to fragments. This would

result in there not being one global algebra over which all credence func-

tions / fragments are defined, but that each individual credence function

may come with their own individual algebra or sub-algebra. The reasoning

for making the algebra fragment-relative could be, beyond the arguments

already presented for fragmented background knowledge, that the credence

in a certain proposition P should only be defined for the fragment where

P is actually epistemically accessible for the agent. If P is not part of

the algebra of a fragment, then c (P ) should not be defined in that frag-

ment. But, as List and Pivato (2015) and List (2017) show, fragmenting

the algebra to have each fragment correspond to a sub-algebra A′ of A
(a specific partition on W ) can help model phenomena such as different

levels of attention and awareness the agent might (rationally) have with

respect to different subject matters or in different circumstances. But it

can also model how an agent can entertain different levels of description

(fine- or coarse-grained-ness) about an event or phenomenon that seem in-

compatible with each other, such as the objective chance-description and

the determinism description with respect to the event of throwing a dice,

explained earlier.

Notion of justification / confirmation measure M( & threshold t):

The argument for fragmentation of confirmation measures M is a classic
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inductive risk argument. Which confirmation measure M is the right one?

This is a much debated questions within orthodox Bayesianism. The reason

why this is such an important question is that depending on one’s choice

of confirmation measure, the resulting versions of Bayesianism look very

different, and central arguments of Bayesianism hold or do not hold (eg.

the so-called Popper-Miller argument, cf. Fitelson, 1999).

The problem, here, is that choosing a confirmation measure is a choice

one has to make under inductive risk. No amount of evidence (of whatever

form) can conclusively help one decide which confirmation measure is the

right one. There is a gap between the evidence and the choice of a confir-

mation measure. This means that, purely epistemically, there is no way to

decide between the multiple different confirmation measures / notions of

justification there are out there.

In his seminal argument, Rudner (1953) argues that inductive gaps like

this ought to be filled by using non-epistemic value judgments about the

severity of an error when making a (potential wrong) choice. Recall that

Jeffrey (1956) has the opposing view that one should just not make a choice,

and thereby there is no need to bridge the gap. This strategy would be

very unsatisfactory here, because Bayesianism is supposed to be a theory of

confirmation / justification. Without choosing any confirmation measure,

it would not be such a theory. Hence, this option is not really an option

here.

Fragmentation provides another option of looking at this problem. It

has been recognised that some confirmation measures are more useful for

some purposes, while others are for other purposes (Fitelson, 1999). This

suggests a context-sensitivity of confirmation measure, where, depending

on the specific epistemic and non-epistemic circumstances (of an agent or

situation), one or another confirmation measure might be better or worse.

Fragmented Bayesianism turns out to be a perfect formal tool to model this

way of dealing with the problem of inductive risk surrounding the choice

of confirmation measures. The reason for this is that it allows an agent

to work with and accept multiple different confirmation measures at the

same time, within different fragments. Thereby, fragmentation manages to
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provide a mid-way solution between the classic solutions to the problem of

induction, provided by Rudner (1953) and Jeffrey (1956). Fragmentation of

confirmation measures is a Jeffreyan solution in the sense that it takes away

the need to decide on one single confirmation measure (as Rudner would

suggest, using non-epistemic value-judgments). By allowing for fragmen-

tation, multiple different confirmation measures can be permissible at the

same time, which is Jeffreyan in nature, because it takes away the need

for a definite choice. But it is Rudnerian at the same time in the sense

that what justifies employing different confirmation measures simultane-

ously will be a combination of epistemic and non-epistemic factors making

up the circumstances giving rise to the different fragments9.

Ur-prior U : Similarly, the argument for fragmentation of ur-priors U is

a classic inductive risk argument. Recall that the ur-prior is thought to

encode the most basic epistemic standards a subject possesses. It is the

basic probability function an agent possess before they learn anything at

all.

Again, inductive risk tells us that there is no unique set of epistemic

standards that is universally better than any other set of standards (this

is also what subjective orthodox Bayesians believe). And it can also be

seen with the help of the climate science example: Both climate models are

reliable and trustworthy. However, one possible reason for them resulting in

vastly different predictions about future climate change is that they might

encode different epistemic standards which are not necessarily better or

worse than each other. Fragmented Bayesianism provides a formal tool to

model an agent who (rationally) uses different sets of epistemic standards

within different fragments and circumstances.

And note: This whole discussion on inductive risk is not to say, for

example, that there is no way to decide between a good and a bad set

of epistemic standards. There is – one can distinguish between better

and worse sets of standards. Rather, the argument is that, even when

9For further examples of such factors, the reader may refer back to the previous
chapters.
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completely exhausting the epistemic realm, i.e. using all the evidence there

is, there will still be competing sets of epistemic standards where no purely

epistemic way of deciding as to which one is better or worse is available.

5.5 Comparison to qualitative account

The main difference between the qualitative account of fragmented justi-

fication developed earlier on, and the account of fragmented Bayesianism

developed here is that the qualitative account provides much less variability

regarding the fragmentation of parameters beyond the mere introduction

of fragments. Fragmented Bayesianism has a list of parameters that can be

chosen to be made fragmented, or not. Thereby, fragmented Bayesianism

provides a scale along which the account can be made more or less frag-

mented, and thereby more or less close to orthodox Bayesianism. There is

no such scale for the qualitative account, and there are much less parame-

ters, if any, that can be made fragment-relative beyond the mere introduc-

tion of fragments into the account.

Another important difference is that the qualitative account of frag-

mented justification I developed presupposes a specific notion of justifi-

cation / confirmation – absolute justification, the most common notion

of justification in the literature on qualitative accounts of justification. In-

stead, the account of fragmented Bayesianism presented here is very general

and allows for / is compatible with many different notions of justification

/ measures of confirmation.

5.6 Conclusion

This chapter has presented the variety of notions of justification that or-

thodox Bayesianism provides, and developed a very general account – a

skeleton– of fragmented Bayesianism. Depending on which parameters of

Bayesianism one chooses to relativise to fragment, this skeleton, will be-

come more concrete, and specific to a certain modelling situation, and fur-
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thermore, more or less far away from orthodox Bayesianism. The chapter,

moreover, provided an arguments as justification for fragmentation, and

lastly, provided a brief comparison to the qualitative account of justifica-

tion developed earlier.

Interesting avenues for further work would be, for example, to investigate

in more detail how qualitative and quantitative accounts of fragmentation

relate to and differ from each other, in general, beyond just looking at

the concept justification in a fragmented setting. Furthermore, and this

will partially be done in the following chapter, a potentially fruitful avenue

for further research would be to study in detail the aggregation options

available for accounts of fragmented Bayesianism. The reason why this

would be interesting is that the fragmentation of the Bayesian parameters

introduced in this chapter makes aggregation even more difficult than it

was in the qualitative setting.
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Chapter 6

Fragmentation and Imprecision

Imprecise Bayesianism, as opposed to orthodox Bayesianism, aims to model

agents who do not have enough information to form precise credences. Un-

der this account, an agent’s doxastic state is allowed to be made up of not

one but many different credence functions, to model imprecision in the as-

signment of credences to propositions. Fragmentation, on the other hand,

aims to represent agents with fragmented doxastic states, where fragments

are individuated via differences in the agent’s epistemic and non-epistemic

circumstances, such as differences in accessible information, (methodologi-

cal) background assumptions, or different practical goals, stakes, etc. The

formal model underlying this account is very similar to imprecise Bayesian-

ism: The agent’s doxastic state is represented via not one but many differ-

ent credence functions.

The literature streams on fragmentation and imprecision do not com-

ment on the striking similarity between these two different accounts. This

chapter is devoted to presenting and comparing their similarities and differ-

ences. The upshot will be that the main difference lies in the interpretation

of the formalisms, how these two accounts deal with questions of practi-

cal rationality, as well as how they deal with new information entering the

doxastic state and updating on that new information.
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6.1 Introduction

This chapter presents and compares the accounts of imprecise Bayesian-

ism and fragmented Bayesianism. Imprecise Bayesianism, as opposed to

orthodox Bayesianism, aims to be able to model agents who have imprecise

credences in propositions, for example, because the evidence they have is

not conclusive (enough). To do so, imprecise Bayesianism allows an agent’s

doxastic state to be made up of multiple credence functions, instead of just

one. Fragmented Bayesianism, on the other hand, aims to model frag-

mented doxastic states of agents – this means that their doxastic state is

not represented via a single credence function that obeys the norms of or-

thodox Bayesianism, but that it may contain multiple different credence

functions / fragments that may disagree with each other.

These two different accounts, and the associated streams of literature are

very closely related. The formalisms underlying imprecise Bayesianism and

fragmented Bayesianism are almost identical. However, there is no explicit

connection established in the literature between imprecision and fragmen-

tation. This is the goal of this chapter. It presents both imprecision and

fragmentation, and works out important similarities and differences be-

tween the accounts. The account of imprecise Bayesianism will be able

to be classified as a sub-account of a very general account of fragmented

Bayesianism, and the main differences between imprecision and fragmen-

tation will lie in, first, the respective interpretations of the formalism, and

second, how both accounts deal with the question of practical rationality,

the (need for) aggregation of credence functions, and how they demand the

process of incorporating new information into one’s doxastic state to take

place.

The chapter will be structured as follows: Section 2 recalls the cen-

tral theses of orthodox Bayesianism as a starting point. Section 3 recalls

the account of imprecise Bayesianism. And section 4 presents fragmented

Bayesianism, both in a very general version, building on what I developed in

the previous chapter, as well as in the most prominent version present in the

literature, developed by Elga and Rayo (2021), Elga and Rayo (2022). Sec-
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tion 4 also provides a brief overview over the probabilistic opinion pooling

literature, since that literature provides the tools for fragmented Bayesian-

ism to deal with the problems it might face in light of practical rationality

and decision making. Section 5 compares imprecision and fragmentation

with each other, with a special focus on a few aspects. The first focus is the

differences and similarities in interpretations of the respective frameworks.

Then, I discuss how they deal with the question of practical rationality and

the need for aggregation of credence functions. Lastly, I show how the ac-

counts differ when it comes to receiving new information and incorporating

it into one’s doxastic state.

6.2 Orthodox Bayesianism

Let us recall: The core of orthodox Bayesianism thus consists of two theses,

probabilism and conditionalisation (the formulation of those theses roughly

follows Vallinder, 2018). Let W be a finite (for reasons of simplicity) and

non-empty set of possible worlds. Then A is a powerset algebra on W , it

is the set of all subsets or powerset of W , and it comprises all propositions

P within W . Then, Bayesianism is the combination of the following two

theses:

1. Probabilism: A rational agent’s degrees of belief are represented by a

credence function c which is a function from A into the interval [0, 1].

This means that it assigns a credence value between zero and one to

all propositions in the logical space. The credence function c respects

the axioms of probability theory (Kolmogorov axioms):

1) c (P ) ≥ 0, for all P

2) c (W ) = 1

3) For incompatible (mutually exclusive) propositions P and Q:

c (P ∪Q) = c (P ) + c (Q)

2. Conditionalisation: A rational agent updates her degrees of belief over

time by conditionalising her credence function on all the evidence
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she has received. If an agent with credence function c0 learns new

evidence E between t0 and t1, then her new credence function c1 is

given as c1 (P ) = c0 (P | E)1.

Using these two theses together make up the core of orthodox Bayesian-

ism. According to that, a rational agent assigns precise credences to propo-

sitions, using a credence function that respects the above conditions on the

credence function. Furthermore, when the rational agent receives new in-

formation, then the updates her doxastic state by way of conditionalisation.

6.3 Imprecise Bayesianism

But what if the agent does not have conclusive evidence to assign precise

credences to a proposition, such as P? Orthodox Bayesianism requires her

to do so, but her evidence might not be conclusive enough to make her pick

a precise credence with “good enough” reason.

As a response to this worry, many authors, such as Levi (1974), Levi

(1980), Levi (1985), Walley (1991), Kyburg and Pittarelli (1996), Joyce

(2010), and Augustin (2021) have been defending versions of imprecise

Bayesianism. The central idea of imprecise views of Bayesianism is that a

rational agent’s doxastic state can be represented not by just one but many

different credence functions.

To give a concrete example, Joyce (2010) presents imprecise Bayesianism

as making the following two claims:

1) Imprecise Probabilism: A rational agent’s degrees of belief are rep-

resented by a credal state C, which is a set of credence functions

c1, ..., cn. Each ci ∈ C assigns a real number x within the interval

[0, 1], to each proposition P in the algebra A, ci (P ) = x. Each

ci ∈ C respects the Kolmogorov axioms of probability.

2) Imprecise Conditionalisation: A rational agent updates her degrees

of belief over time by conditionalising her credence functions on all

1Using the Bayes Theorem, this conditional probability can be reformulated which
makes it easier to calculate in practice.
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the evidence she has received. If an agent with credal state C0 con-

sisting of credence functions c1, ..., cn, learns new evidence E between

t0 and t1, then her new credal state, C1, consists of the set of individ-

ual credence functions c′1, ..., c
′
n, where each credence function ci gets

updated via conditionalisation by E: c′i (P ) = c0 (P | E)2.

This means that each credence function within the agent’s overall credal

state behaves just like a traditional Bayesian credence function that obeys

the axioms of probability and gets updated via conditionalisation. The dif-

ference is that imprecise Bayesianism allows for a set of credence functions.

Note that the conditionalisation thesis tells us that if an agent receives new

information, this information should be incorporated not into one or some,

but all of the agent’s individual credence functions3.

There is an array of literature on philosophical motivations for imprecise

Bayesianism. Motivations include the ability of imprecise models of proba-

bility to solve the Ellsberg paradox (Ellsberg, 1961). They are also argued

to be better models of uncertainty than traditional models of probability

(Gärdenfors, 1988, Walley, 1991). Other motivations include allowing for

incomplete preferences in the expected utility frameworks (Kaplan, 1983,

Levi, 1986, Seidenfeld, Schervish, and Kadane, 1995), or adding to the

literature on realism (Arló-Costa and Helzner, 2010)4.

Furthermore, imprecise probabilities prove a useful tool in many different

areas, such as engineering, AI, and climate science (cf. Schoenfield, 2020, p.

969). In “engineering design decisions, it is valuable to explicitly represent

the imprecision in the available characterisation of uncertainty by using im-

2Using the Bayes Theorem, this conditional probability can be reformulated which
makes it easier to calculate in practice.

3Joyce (2010) presents an alternative option for imprecise conditionalisation; which
simply eliminates those probabilities in the overall credal state C that are incompatible
with the new evidence received. But he rejects this option; “this model seems to be
based on a confusion between learning that some event has occurred and learning that
its prior objective chance of occurring was 1”. Therefore, I will not delve into this
option further. For more information on why Joyce judges this option untenable, cf.
Joyce (2010).

4An more extensive overview over motivations for imprecise probabilities can be found
in S. Bradley (2019).
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precise probabilities” (Aughenbaugh and Paredis, 2006). With regards to

AI, “imprecise probability models are needed in inference problems charac-

terised by scarce, vague and conflicting information. So it is not surprising

that AI has a long history of research and interest in imprecise probability

models” (Zaffalon and De Cooman, 2005, pp. 1f.). Lastly, for the field of

climate science, imprecise probabilities prove important, because “one may

be unable to supply the required [precise] subjective probabilities that any

‘filling in’ of the gap between probability ranges and precise probabilities

may prove too arbitrary to be a reasonable guide to decision. Policy makers

may quite reasonably refuse to base a policy decision on a flimsy informa-

tion base, especially when there is a lot at stake” (R. Bradley, Helgeson,

and Hill, 2017, p. 505)5. Especially the comment on imprecise Bayesian-

ism in climate science will become important when comparing fragmented

Bayesianism and imprecise Bayesianism, because it is claimed here, that

imprecise probabilities might be a more reasonable guide to decision than

precise probabilities if the evidential basis for a precise probability is too

weak.

The intended interpretation of the formalism of imprecise Bayesianism

is most often taken to be that, whenever all individual credence functions

(which Joyce (2010) calls (fictional) “committee members” of the overall

committee, i.e. overall credal state C) agree on what credence to assign to

a certain proposition, then the agent has a precise credence in that propo-

sition. But whenever the individual credence functions / credal committee

members disagree over the credence of a proposition, then the resulting

overall credence in that proposition is imprecise, it will be the interval

between the lowest and the highest assigned credence by any individual

credence functions to that proposition. This interpretation sometimes goes

under the name “Pareto interpretation” (Smith, 2025).

5Another practical motivation for imprecise Bayesianism has been presented by Ky-
burg and Teng (1999), Kyburg and Teng (2001), where they run simulations of a betting
game comparing the performance of a precise Bayesian method vs. an imprecise Bayesian
method. Interestingly, over larger numbers of trials, the imprecise Bayesian outperforms
the precise Bayesian.
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6.4 Fragmented Bayesianism

I will present two variants of fragmented Bayesianism to help showcase

how the account relates to imprecise Bayesianism. The first one is the

very general account of fragmented Bayesianism I developed in the previous

chapter. The second one will be the most prominent account of fragmented

Bayesianism present in the literature so far, by Elga and Rayo (2021), and

Elga and Rayo (2022). They will differ in an important aspect that will

position Elga and Rayo’s account somewhere in the middle between my

general account of fragmented Bayesianism on the one hand, and imprecise

Bayesianism on the other.

6.4.1 General version of fragmented Bayesianism

First, let me recall the general version I developed and presented in the pre-

vious chapter. Here, an agent’s doxastic state can be represented by mul-

tiple credence functions c1, ..., cn, instead of just one, as orthodox Bayesian

epistemology prescribes. Each such credence function obeys the norms

of traditional Bayesianism, i.e. probabilism and conditionalisation. This

means nothing other than that the same formal rules hold for the general

version of fragmented Bayesianism and the account of imprecise Bayesian-

ism. However, with one important exception / addition; as presented in

the previous chapter, fragmented Bayesianism allows for the fragmentation

of various parameters, such as background knowledge K, (sub-algebra) A,

confirmation measureM , and ur-prior U , beyond the “mere” fragmentation

of credence functions, c1, ..., cn.

1) Fragmented Probabilism: A fragmented agent’s degrees of belief are

represented by a credal state C, which is a set of credence functions

c1, ..., cn. Each individual credence function ci, may or may not, come

with their own, local, set of background knowledge K, (sub-)algebra

A, confirmation measure M , and ur-prior U . If any of these param-

eters is not fragmented / credence-relative, there will be, eg., one
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global set of background knowledge K, (sub-)algebra A, confirma-

tion measure M , or ur-prior U , for the overall doxastic state C of the

agent that holds for each c1, ..., cn. Each ci ∈ C assigns a real number

x within the interval [0, 1], to each proposition P in the respective

(or global) (sub-)algebra Ai, ci (P ) = x. Each ci ∈ C respects the

Kolmogorov axioms of probability.

2) Fragmented Conditionalisation:

A fragmented agent updates her degrees of belief over time by condi-

tionalising her credence functions on new evidence. However, unlike

for imprecise Bayesianism, this updating process is not necessarily

global, which means that the new evidence an agent learns does not

necessarily get incorporated into all her credence functions, c1, ..., cn.

Instead, for a fragmented agent, depending on how exactly the frag-

mentation manifests, new pieces of evidence can be learned only rel-

ative to one or some, instead of all, credence functions. Thus, frag-

mented Bayesianism carries the possibility of local, instead of global,

conditionalisation.

Note that conditionalisation and the dynamics of fragmentation more

generally have not been explored much in the literature on fragmentation

and would be a potential fruitful avenue for further work, the full explo-

ration of which would go beyond the scope of this dissertation.

As explained in the previous chapter, there are multiple ways of making

fragmented Bayesianism more or less fragmented. One can decide whether

to relativise background knowledge K, the entire algebra A, confirmation

measure M (& threshold t), or the ur-prior U to fragments / individual

credence functions, in addition to simply allowing for multiple credence

functions within the agent’s doxastic state. Note that these options are

specific to fragmentation, they are not discussed as options to increase

imprecision in the literature on imprecise probability frameworks. For im-

precise Bayesianism, these parameters are (hidden) “global” parameters,

they do not vary for the individual committee members making up the
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overall credal state of the agent, but they all share the same “parameter

setup”.

Let us turn to the interpretation of the fragmentation formalism. As

opposed to imprecise Bayesianism, fragmented Bayesianism does not come

with a general recipe for how to interpret the formalism with the goal of

defining the overall doxastic state of the agent. Here, it is not as sim-

ple as checking whether all credence functions agree or whether there is

disagreement. The reason for this is that, the more fragmented the ac-

count becomes (by i.e. relativising background knowledge, or the entire

algebra to fragments), the more complex and non-trivial it will be to find

a suitable aggregation mechanism to determine how the overall doxastic

state emerges from the individual fragments. For example, if the algebra is

fragment-relative, the credence of a specific proposition P might not even

be defined on all credence functions, because P might not be part of the

algebra of all fragments.

Aggregation of fragments is a highly non-trivial endeavour, as I elabo-

rated on in previous chapters, that will often not yield sensible results, espe-

cially the more fragmented the agent will become. This will also be the case

when turning from aggregating plausibility orderings to so-called probabilis-

tic opinion pooling, the aggregation of probability functions. Generally,

there is a vast array of options for aggregating multiple credence functions

to one single credence function, so many more than the one aggregation

rule that imprecise Bayesianism subscribes to – the Pareto rule.

Moreover, very interestingly, the Pareto rule is not being discussed as

a potential aggregation method for fragments within the context of frag-

mentation. The reason for this is that, actually, the “aggregation method”

that imprecise Bayesianism uses is not a genuine aggregation method –

the overall doxastic state of the agent is not one single credence function,

after applying the Pareto rule. Whenever individual credence functions

disagree over the credence over a proposition, all of those functions “will

be part of” the overall doxastic state of the agent where the credence for

that proposition is represented as the interval of individual credences.

In contrast, aggregation mechanisms in the context of fragmentation
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have the goal of completely getting rid of fragmentation – which means that

the “aggregation” method of imprecise Bayesianism would not be admissi-

ble, because, here, one does not truly get rid of the multitude of individual

credence functions on the level of the overall doxastic state of the agent6.

I will delve deeper into the application of probabilistic opinion pooling to

fragmented Bayesianism in a bit.

6.4.2 Task-specific fragmented Bayesianism

Now, let me contrast this very general and schematic version of fragmented

Bayesianism with a specific account developed in the literature, by Elga and

Rayo (2021) and Elga and Rayo (2022). Here, Elga and Rayo introduce a

parameter distinct from the ones introduced in the previous chapter that

will be relativised to fragments – tasks. A fragment, here, is made up of a

credence function, and a task7, based on a practical choice making scenario

(cf. also Fleisher, 2023). No parameter of the ones introduced within my

account of fragmented Bayesianism are fragment-relative on their account,

or even mentioned as a possibility for (further) fragmentation.

Incorporating the notion of a task, and thereby a concept from practical

rationality into the account of fragmented Bayesianism is significant for

multiple reasons. First of all, it shows that Elga and Rayo conceive of

Bayesianism not merely as an epistemic theory of justification, as I do, but

also, and maybe predominantly so, as a decision theory, that is, a theory

of practical rationality.

Secondly, introducing a dimension from practical rationality into the for-

mal framework brings about an entirely different perspective on questions

surrounding aggregation of fragments and the formation of the agent’s over-

all doxastic state. According to Elga and Rayo, for any practical task there

will always be at most one credence function relevant – namely the one

6In the opinion pooling literature, this difference is sometimes labelled as “compro-
mise vs. consensus” (Dietrich and List, 2016).

7Elga and Rayo introduce so-called access tables, where a particular task / choice
making scenario corresponds to a single row in the access table. The whole access table
then, corresponds, to a conglomerate of different tasks.
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already associated with that task or circumstance. Generally, the aggrega-

tion of fragments and the discussion on how to generate the agent’s overall

doxastic state from the set of fragments is motivated via considerations of

practical rationality.

Because agents should be able to act in a rational way, I argue elsewhere,

de-fragmentation will become necessary. But this is only the case if for some

practical decision, multiple fragments that might even contain conflicting

information become relevant. Such a situation requires some kind of de-

fragmentation, because rational practical action based on a fragmented and

potentially overall inconsistent set of information is endangered.

By setting up their fragmentation account in this very specific way, Elga

and Rayo prevent this from happening. They do so by eliminating the

need for de-fragmentation altogether. The need for de-fragmentation is

motivated by practical rationality concerns. But within Elga and Rayo’s

account practical rationality is a fragment-relative notion. So, to ensure

practical rationality, there is no need for an overall consistent and unfrag-

mented doxastic state, and therefore no need for de-fragmentation. Any

practical task will only ever require the information provided by the cre-

dence function that is associated with the same fragment that the task is

associated with. And each individual credence function must adhere to

traditional rationality norms, which means that the risk of having incom-

patible information guiding practical action does not exist here. So, no

de-fragmentation process is needed, since de-fragmentation becomes neces-

sary whenever the overall fragmented state contains information that could

lead to practical irrationality.

Very importantly, thereby, the questions of how to define *purely epis-

temic* notions of belief and justification move to the background – because

to define those notions, one would need to consider fragmented Bayesian-

ism as an epistemic theory of justification first, before delving into practical

rationality.

This account differs, both from the general account of fragmented Bayesian-

ism I developed in earlier work, as well as from imprecise Bayesianism. It

differs from the general account of fragmented Bayesianism in that this ver-
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sion of fragmented Bayesianism is a fragmented decision theory, because,

instead of relativising any of the epistemic parameters presented above to

fragments, it chooses to make practical rationality a fragment-relative no-

tion. It thereby gets rid of the problem of de-fragmentation. However, the

question remains how to associate credence functions with specific tasks,

and how to make sure that fragments remain distinct from each other, since

tasks could potentially overlap or be closely related, which would make the

problem of de-fragmentation reappear from the backdoor.

It differs from imprecise Bayesianism, because it does not require the

consideration of what constitutes the overall doxastic state of the agent –

which is the central concern of imprecise Bayesianism. Imprecise Bayesian-

ism introduces multiple credence functions to be able to better represent

the overall doxastic state of an agent when having, for example, inconclu-

sive evidence. Elga and Rayo’s fragmented Bayesianism introduces multiple

credence functions, each relativised to a task, not to represent the overall

doxastic state of the agent, but to truly fragment it and keep it fragmented,

even for and especially in light of, practical rationality.

6.5 Aggregation of credence functions

As one can already see, how the different accounts deal with questions

surrounding practical rationality and aggregation of credence functions will

be one of the main factors them that sets them apart from each other.

As already indicated, there is a stream of literature that deals with how

“several individual probabilistic opinions [should] be unified to collective

probabilistic opinions” (Dietrich and List, 2016) – probabilistic opinion

pooling (cf. eg. Genest and Zidek, 1986), originating from and closely re-

lated to the broader literature on social choice and judgment aggregation

already talked about in this dissertation. Perhaps surprisingly, there exists

literature on the aggregation of imprecise probabilities, too (Nau, 2002, Be-

navoli and Antonucci, 2009, Stewart and Quintana, 2018, Quintana, 2024).

I will skip this topic here, although a comparison would be interesting and
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shall be subject to further work, as aggregation of imprecise probabilities

does, at least prima facie, conflict with the central philosophical aim of

imprecise Bayesianism, which is to allow for imprecision on the overall dox-

astic state of the agent which could be endangered by applying “genuine”

aggregation rules, as we will see shortly.

I will now provide a brief overview over common probabilistic opin-

ion pooling strategies that can be applied to de-fragmenting fragmented

Bayesianism. First, probabilistic opinion pooling. Similar to what has

been already presented on the aggregation of plausibility pre-orders, here,

too, the central message is that there exist many different options for proba-

bility aggregation, and each option will satisfy different axioms / desirable

properties for the aggregation mechanism, can be justified under differ-

ent conditions and will serve different purposes. As already argued for in

the previous chapter, therefore, non-epistemic value judgments will become

necessary if one wants to choose an appropriate de-fragmentation rule for

credence functions in a certain circumstance.

Amongst the most common opinion pooling options for probabilities

are linear, geometric and multiplicative pooling rules. Linear pooling goes

back to Stone (1961), DeGroot (1974), and back to Laplace. For illustrative

purposes, here, individual credence functions are mapped onto a collective

credence function / overall credal state, C, in the following way, for each

proposition P in the algebra:

Cc1,...,cn (P ) = w1c1 (P ) + ...+ wncn (P ),

where w1, ..., wn are fixed non-negative weights with sum-total 1. “The

class of linear pooling functions includes a variety of functions, ranging

from linear averaging with equal weights, where wi = 1
n
for all i, to an

expert rule or dictatorship, where wi = 1 for one individual and wj = 0 for

everyone else [weighted linear pooling]” (Dietrich and List, 2016).

Next, geometric pooling rules: Here, individual credences in a proposi-

tion (or world, because geometric pooling rules are defined on worlds rather

than propositions, Dietrich and List, 2016), are multiplied instead of using

the sum, and then the nth root operation of the product of the individual
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credences is applied, where n amounts to the number of credences being

averaged. Again, geometric pooling can be weighted or unweighted, similar

to linear pooling.

Formally, geometric pooling looks like this: Individual credence func-

tions are mapped onto a collective credence function / overall credal state,

C, in the following way, for each world w in the algebra:

Cc1,...,cn (w) = k [c1(w)]
w1 ∗ ... ∗ [cn(w)]

wn , where

w1, ..., wn are fixed non-negative weights with sum-total 1 and k is a nor-

malization factor, given by

k = 1∑
w′∈A[c1(w′)]w1 ...[cn(w′)]wn

This normalization factor ensures that the total sum of the collective prob-

abilities is amounts to one8.

Lastly, there are multiplicative pooling rules, which are used when some

of the individual credence functions are based on private information, i.e.

information only accessible to some credence functions / fragments and

not to others (eg. when background knowledge K is fragment-relative).

Multiplicative pooling rules are very similar to geometric ones in that they

also use the product of individual credences and then renormalise them with

a renormalization factor, but they do not apply the geometric average, i.e.

they do not take the nth root of the product of individual credences.

Formally, multiplicative pooling looks like this: Individual credence

functions are mapped onto a collective credence function / overall credal

state, C, in the following way, for each world w in the algebra:

Cc1,...,cn (w) = k c0c1 (w) ∗ ... ∗ cn (w), where

c0 is some fixed probability function, called the calibrating function, and k

is a normalization factor, given by

k = 1∑
w′∈A c0(w′)c1(w′)...cn(w′)

8Taking w1,...,wn as the exponent / superscript is identical to applying the root

operation, since, eg. 2
√
x1, ..., xn = x

1
n
1 , ..., x

1
n
n .
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Each of these types of pooling approaches provide many different spe-

cific tokens of pooling functions, so the overall space of possible pooling

functions for credences is very big. Different ones satisfy different axioms

and can be justified on different kinds of grounds. There is no one size fits

all approach to choosing the appropriate pooling function in a particular

scenario, and the choice will depend on the goals one wants to achieve with

the pooling function in the respective circumstance.

Lastly, recall how fragmented Bayesianism contains a variety of parame-

ters that can be chosen to be kept “global” like in orthodox Bayesianism, or

to render fragmented, such as background knowledge K, the algebra A, the

ur-prior U , or confirmation measure / notion of justification M . Perhaps

obviously, the more of these parameters will be fragmented, the more diffi-

cult and non-trivial the quest for an appropriate de-fragmentation method

will become. The reason for this is that, if such parameters are fragmented,

the de-fragmentation mechanism will not just have to send multiple indi-

vidual credence functions in to one global credence function, where the

individual credence functions agree over K, A, M or U , as it is common in

the opinion pooling literature. Rather, if the individual functions disagree

over K, A, M or U , the de-fragmentation mechanism will not just have to

aggregate the credence functions themselves, but find ways to merge mul-

tiple sets of background knowledge into one, or multiple algebras into one,

or multiple confirmation measures into one, etc. How exactly this could

look like would go beyond the scope of this chapter and dissertation, but

would be an interesting avenue for further work.

6.6 Comparison

I will now delve deeper into the comparison between imprecise Bayesianism

and fragmented Bayesianism.

Both accounts share a very similar formalism – agents’ doxastic states

are being represented by sets of credence functions. For imprecise Bayesian-

ism, the goal is to model an agent with imprecise credences. For fragmented
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Bayesianism, the goal is to model a mentally fragmented agent.

But, although at first glance one might think that the formalisms are

identical; they are not. For fragmented Bayesianism there is a list of pa-

rameters, such as background knowledge K or the algebra A etc., that

can be chosen to be fragment-relative or to be kept global. For imprecise

Bayesianism, these parameters are not credence-relative, rather they are

kept as global or “unfragmented” parameters.

Another difference in the basic setup of the accounts concerns the con-

ditionalisation thesis. For imprecise Bayesianism, information updating is

“global” in the sense that if the agent receives a new piece of information,

every individual credence function c1, ..., cn will be updated with this new

information. For fragmented Bayesianism, however, this is not necessarily

the case. Here, a piece of information might be introduced only to one or

a few of the total fragments of an agent. So, conditionalisation can be a

highly local matter, and may look very different for different fragments,

depending on the information they receive and incorporate, respectively.

For imprecise Bayesianism, the overall doxastic state of the agent is

constructed via the “Pareto interpretation” – whenever individual credence

functions agree over the credence to assign to a proposition P , then the

credence of the overall agent in that proposition is precise. But whenever

the individual credence functions disagree over what precise credence to

assign to a proposition Q, then the credence of the overall agent in that

proposition is imprecise – it is given via the range between the lowest

assigned credence and highest assigned credence in the pool of credence

functions. In the literature on imprecise Bayesianism, it is argued that,

whenever the information base is too weak to warrant precise credences,

imprecise credences may be a better basis for practical rationality.

For fragmented Bayesianism, there is no general rule on how to con-

struct the overall doxastic state of the agent. For Elga and Rayo’s task-

dependent version of fragmented Bayesianism, there is no relevant overall

doxastic state, because practical rationality is a fragment-relative matter.

As I presented throughout this dissertation, aggregation of fragments be-

comes relevant in light of questions about practical rationality. But acting
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based on one’s doxastic state is a fragment-relative endeavour for Elga and

Rayo, so the need to get rid of fragments to ensure practical rationality is

being eliminated on their account.

But for the more general version of Bayesianism presented above and in

the previous chapter, as well as for the account of qualitative fragmented

justification developed in the first part of this dissertation, matters of ag-

gregating fragments look much more difficult. Here, multiple fragments

might become relevant for one single practical decision which is why the

aggregation of fragments becomes a relevant topic. In chapters 3 and 4

(albeit in a qualitative framework), I have provided examples that show

that there can be cases where fragmentation is rationally warranted, but

in light of a practical decision, multiple fragments will be relevant. There

is no universally correct way to aggregate fragments, whether they take

the form of plausibility pre-orders, or now, credence functions – choosing

an aggregation method is a choice that has to be made under inductive

risk, and that will depend on how one needs the resulting information to

be “packaged”, in order to be useful for purposes of decision-making.

I will now delve deeper into some more specific lines of comparison –

first, the philosophical interpretations of the two frameworks, and second,

the respective options for credence aggregation, as well as implications for

practical rationality that follow from imprecise Bayesianism and fragmented

Bayesianism. Lastly, I will briefly touch on another dimension – how the

respective accounts deal with the dynamics of information change.

6.6.1 Interpretations of the formalisms

Imprecise Bayesianism aims to model an agent who has enough information

to assign some kind of credence to a proposition, but not enough informa-

tion to assign a precise credence to that proposition. The agent’s evidence

does not warrant a specific precise credence x in a proposition P , but in-

stead it is only strong enough to warrant a credence range [x, y] in that

proposition.

Fragmented Bayesianism aims to model an agent who is fragmented.
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There is much choice in terms of the sense in which the agent is frag-

mented; but generally, the way I perceive of fragmentation, the reason can

be summarised as – the agent has very good but conflicting evidence which

makes it impossible to employ a orthodox Bayesian credence function on

pain of explosion.

At first, these two stories sound very different. For imprecision, there

is not enough information to be able to apply orthodox Bayesianism, for

fragmentation, there is too much / competing information to be able to

apply orthodox Bayesianism.

I will now use an example to show how these two stories might not

be so different after all. “A detective might discover evidence that lends

weight to the view that the perpetrator was female (suppose that a certain

parrot was observed to squawk and that it has been noted in the past that

the parrot only squawks in the presence of females) but lends no weight

to the view that the perpetrator was Apate in particular (likewise Brimo,

Circe and all the other possible female perpetrators). [...] The imprecise

probabilist models such situations as follows. Suppose we want to say that

the evidence lends probability 0.4 to the claim that a woman did it while

lending no particular probability to the claim that Apate (Brimo etc.) did

it. The model involves a set of probability functions, all assigning 0.4 to

the set of all women (in the sample space of possible perpetrators) and

between them assigning all possible values (compatible with there being

probability functions) to the singletons Apate, Brimo etc.” (Smith, 2025,

p. 4f.). This is as far as the imprecision story goes. But, one might ask,

why, in fact, are we so unsure about who exactly did it while being sure

enough to quantify our uncertainty well enough to assign a precise credence

with regards to whether a woman did it or not? What are the reasons for

this? What does the evidence look like leading us to assign a credence

range to the propositions expressing that anyone in particular did it, in

comparison to the evidence leading us to assign a particular credence value

to the proposition expressing the fact that a woman did it?

On the fragmentation view, one can go one step further and ask, why

would the agent be unsure exactly? She has insufficient or potentially

226



conflicting evidence with regards to who exactly is the perpetrator. It

might be that the agent assigns credence 0.7 to the proposition that “Apate

is the perpetrator”, because of the evidence that the agent has seen her

perpetrate many times before. But then, the agent also has evidence leading

her to believe that Apate is on holiday out of the country and cannot

physically have been the perpetrator. So, she also wants to assign 0.3 to

that proposition. The agent is unsure about which credence to assign to

the proposition *for certain reasons*. The agent might also have differing

practical motivations and stakes associated to her uncertainty in assigning

a precise credence value to that proposition. Maybe the agent is Apate’s

friend and wants to stay her friend and thereby dos not want to falsely

accuse her of something she might not have done (risk-averse), and thereby

assign a relatively low credence. On the other hand, the agent might know

that saying something false in front of the police is against the law, and

since she did see Apate be the perpetrator before, she might want to assign

a higher credence9.

What fragmentation essentially does is allowing for different reasons for

why the agent might be unsure to be encoded explicitly into the framework.

Any proposition, P , will be assigned a credal value only relative to a certain

fragment with certain fragment-specific supplementary information (such

as background information etc.).

This example intends to show that, actually, in a sense, the imprecision

and the fragmentation stories are not that different. In the imprecision

framework, putting on “fragmentation-glasses” can help identify what ex-

actly might be the reason for the choice of credence range constituting the

imprecision. Why are the lower and upper bound chosen as they are? In

this sense, the imprecision framework can be supplemented by fragmenta-

9One more consideration. One might think that the question whether the perpetrator
is female and the question who exactly is the perpetrator are two different questions
(with two different subject matters) whose potential answers are different partitions
over the logical space. Because this is the case, one might argue, one cannot evaluate
both questions relative to the same credence function. This suggests that the agent has
a fragment / credence function that assigns credences to answers to the first question,
and a different fragment that assigns credences to answers o the second question.
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tion by way of explicitly encoding into the framework the reason for the

imprecision.

This shows that, actually, the stories behind the imprecision and the

fragmentation framework are not that different. Fragmentation manages

to go one step further in asking and encoding the answer to why there is

imprecision with respect to a certain proposition.

But in a different sense, the interpretations of the framework are very

different. Imprecise Bayesianism aims to allow for imprecision on the overall

level of the doxastic state of the agent. It does so by stipulating that,

whenever individual credence functions disagree over which exact credence,

the overall credence of the agent in that proposition is imprecise. The

relevant interpretatory perspective of imprecise Bayesianism is not on the

level of individual credence functions, but on the “aggregate” level, the

overall doxastic state of the agent, computed via the Pareto interpretation.

For fragmented Bayesianism, it is definitely not the goal to model im-

precision in this way. On the overall level of the doxastic state of the

agent, there should *not* be imprecision. And, furthermore, this is not

the primarily relevant interpretatory perspective; here the primarily rele-

vant perspective is on the level of individual credence function, individual

fragments.

The overall aggregate doxastic state of the agent only becomes relevant

when they face decisions that involve multiple fragments that potentially

stand in conflict with each other. But here, the Pareto rule would not

be a suitable “aggregation” mechanism, since here, on the aggregate level,

the goal would be to get rid of the disagreement between individual cre-

dence functions (which the Pareto rule cannot achieve), whereas imprecise

Bayesianism wants to allow for explicitly this.

6.6.2 Implications for practical rationality

I will now compare the different ways in which the imprecision and the

fragmentation framework deal with issues surrounding practical rationality.

Let me start with imprecise Bayesianism – recall how within the litera-
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ture on imprecise probabilities it is argued that, when the information base

is very limited, then imprecise probabilities might be a more reasonable

guide to decision than precise probabilities. This is a Jeffreyan argument

relating to how to deal with the problem of inductive risk (cf. Jeffrey, 1956).

Instead of eg. a scientist potentially making the wrong call when trying to

assign a precise credence to a proposition while having an insufficient evi-

dential basis to make that decision, this argument says that is best to not

make this choice, but rather communicate a range of credences in which the

proper credence most probably lies. This, according to Jeffreyan reasoning,

is a much better basis for policy makers to then make practical decisions on

than precise credences, because it makes it possible for the scientist to not

have to employ non-epistemic value judgments to bridge the evidential gap

to make the call to assign a precise credence. It leaves the employment of

non-epistemic value judgments to the policy maker, which is good, because

it is policy makers and not scientists who should / are allowed to employ

non-epistemic value judgments, one might think.

There are two problems with this reasoning, though. First, actually,

even when allowing for ranges of credences, instead of precise ones, the

scientist / agent has to make decisions under inductive risk, i.e. the risk

of being wrong when making the call. Those decisions are, for example, to

set an upper and lower bound for the credence range. Intuitively, at least,

it is not clear how making this decision is any different from assigning a

precise credence in the first place. In any case, there is an inductive step

between the evidence and setting an upper and lower bound that needs to

be taken. So the Jeffreyan reasoning of managing to avoid these kinds of

decisions by being less committal and using imprecise credences does not

fully go through.

The second problem is whether imprecise probabilities can be of any

help to practical rationality at all. Of course, important decisions should

not be made when the informational basis is too weak. But how should a

practical decision be made on the basis of imprecise probabilities instead

of precise ones? At least prima facie, it seems much more difficult for eg.

a policy maker to base their practical decisions on an information state
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containing more rather than less uncertainty, even if the advantage of that

is for the scientist coming up with the information state to not have to

employ (or may have to employ fewer) non-epistemic value judgments to

decrease uncertainty.

Before coming to practical rationality in the context of fragmentation,

because this will be an important contrast, let me note that within the im-

precision framework, the Pareto interpretation that provides the recipe for

generating the overall doxastic state of the agent from the individual cre-

dence functions actually does not get rid of the existence of a set of credence

functions even on the aggregate level of the overall agent. To construct the

overall doxastic state of the agent, here, it is not needed to aggregate the

set of individual credence functions into a single overall credence function.

All individual credence functions are kept in the overall doxastic state of

the agent, and wherever they agree on a credence for a proposition P , the

overall credence is precise, and whenever they disagree, the overall credence

is imprecise and given via a range over precise credences.

In fact, getting rid of the individual credence functions on the overall

level of the agent would be contrary to the goal of imprecise Bayesianism,

because it would then not allow for there to be multiple credence functions

assigning different credences to the same proposition, which is exactly what

is needed to be able to have imprecision in the doxastic state. This will

be an important difference to fragmentation, since there, the primary goal

is not to model imprecision on the overall doxastic state of the agent, but

for the overall doxastic state after having undergone a de-fragmentation

process to be a reasonable guide to practical rationality.

Now, let me come to practical rationality in the context of fragmentation.

I will first discuss Elga and Rayo’s version and then my more general version

of fragmented Bayesianism. Elga and Rayo’s version makes tasks fragment-

relative. Thereby practical rationality is not a question that is to be asked

with respect to the overall (aggregate) doxastic state of the agent, but a

fragment-relative notion. Having multiple different credence functions that

potentially conflict with each other is, therefore, not a problem for practical

rationality, because whether an action is rational can only ever be evaluated
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relative to one single fragment, i.e. one single credence function that obeys

to the norms of orthodox Bayesianism. Hence, practical rationality will be

no more difficult to achieve here than within orthodox Bayesianism.

But for the more general version of fragmented Bayesianism I devel-

oped, practical rationality is a global notion, at least generally. One can

imagine many scenarios where an agent is faced with a decision that de-

pends on potentially conflicting information that is contained in multiple

different fragments. Here, on pain of practical irrationality, aggregation

of fragments becomes necessary. Elsewhere, I have already argued for the

necessary employment of non-epistemic value judgments to decide on a

suitable aggregation mechanism, since aggregation of credence functions is

a highly non-trivial matter and involves a choice that has to be made under

inductive risk. Here, in many cases, such as the climate science example

discussed elsewhere, de-fragmentation is demanded by practical rationality.

This sharply distinguishes fragmentation from imprecision – in the former

unlike the latter, genuine de-fragmentation, i.e. genuine aggregation of

credence functions will be necessary, at least in some cases.

6.6.3 Dealing with new information

Lastly, departing from this discussion on practical rationality, let me say

a few words on how both accounts differ when it comes to what happens

when the agent receives new information (i.e. in a dynamic setting where

information changes and has to be updated).

Recall how the conditionalisation process happens for imprecise Bayesian-

ism when an agent receives a new piece of information. This new piece

of information gets incorporated into each individual credence function,

c1, ..., cn, and each credence function, individually, ought to follow the con-

ditionalisation process to incorporate this new new piece of information.

Conditionalisation here, happens locally, within each credence function in-

dividually. However, it does not happen truly locally, since “accessing” the

new piece of information to be incorporated into each individual credence

function is thought to be a global process. New pieces of information are
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assumed to be accessible to *all* individual credence functions in the same

way. It is not the case here, that there might be a new piece of informa-

tion that is accessible to some individual credence function ci, but not to

another one, cj.

Conditionalisation can look different from this for fragmented Bayesian-

ism. The way I constructed the account of fragmented justification in the

previous chapter, the account is a skeleton that allows for multiple ways in

which the conditionalisation process in response to an agent receiving new

information can take place.

The process of conditionalisation can look similar to how it looks for

imprecise Bayesianism, a new piece of information being incorporated in

the same way into each and every fragment / individual credence function.

But this must not necessarily be the case. If information is not a global

notion, but rather, as is one of the main motivations for fragmentation

accounts, restricted or selectively accessible, then conditionalisation will

look different, here. If a new piece of information is only accessible for

some, but not other fragments, only those fragments / credence functions

that the new piece of information is accessible to would be able to include

the new piece of information by conditionalising on it.

Elga and Rayo’s task-relative version of fragmented Bayesianism is an

extreme case of this. Different fragments correspond to / are active in

different circumstances. If an agent learns a new piece of information in

a specific circumstance, then that piece of information can only be condi-

tionalised on in the specific fragment related to that circumstance, but not

in any other.

This means that, depending on the specific way fragmented Bayesian-

ism is fragmented (“Is information access restricted?”, etc.), the process of

conditionalising, and more generally dealing with new information will look

differently. It would be an interesting avenue for further research to delve

deeper into dynamic aspects of fragmentation in general, and (both qual-

itative and quantitative) fragmented justification in specific, to formulate

norms for the dynamics of information change within fragmented models

of belief and justification (both qualitative and quantitative).
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Let me make a last point with respect to the dynamics of information

change that distinguishes imprecise from fragmented Bayesianism. For the

imprecise probability framework, receiving new information has the poten-

tial to decrease imprecision. If the agent receives new information, this has

the potential to better bridge the evidential gap one has to take to decide

on a precise credence. Relevant new information, here, may either decrease

the range of imprecision regarding a specific proposition, or eliminate im-

precision entirely.

For fragmentation, things are looking differently. Here, new information

does not guarantee any kind of decrease in the severity of fragmentation

the agent’s mental state exhibits. If information itself is a fragment-relative

notion, then the agent only ever receives new information relative to a frag-

ment, which cannot affect the overall level of fragmentation. If information

is a global notion, then, still, new information does not in any way auto-

matically trigger de-fragmentation of any kind.

6.7 Conclusion

One may conclude by saying that, considering the formal apparatus, im-

precision can be viewed as a specific variety of fragmentation, where the

“aggregation” to the overall doxastic state happens via the Pareto rule.

However, semantically, there are significant differences; for imprecision the

relevant level of description / perspective is the overall doxastic state of the

agent, and for fragmented Bayesianism, the relevant level of description /

perspective is the individual fragments.

Furthermore, the “Pareto rule” is not a genuine aggregation rule, unlike

within fragmentation, where the goal of de-fragmentation is to actually get

rid of individual credence functions disagreeing over certain matters.

At the same time, although one might think both frameworks model very

different phenomena, they are much closer related than one might think.

Fragmentation can, in some sense, be viewed as taking imprecision one step

further and asking and incorporating into the framework the reason(s) for
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the imprecision.

I have shown how the formal frameworks, albeit being very similar,

differ from each other. I have also shown how imprecise Bayesianism and

fragmented Bayesianism deal with practical rationality in different ways and

that the Jeffreyan argument in favour of preferring imprecision over precise

probabilities whenever the information base is limited, is problematic.

There is much possible further work on the topic of relating the liter-

ature on imprecision and fragmentation. One example is the topic I only

briefly touched upon in the end – to compare in more detail how both ac-

counts deal with dynamic information change. Furthermore, it would be

interesting to investigate further how concrete aggregation rules could look

like for fragmented Bayesianism, especially when further parameters such

as background knowledge K, (sub-)algebra A, confirmation measure M or

ur-prior U are fragmented, as well, and how such rules would differ from

aggregation rules being recently developed for imprecise probabilities, such

as Stewart and Quintana (2018) and Quintana (2024).
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Chapter 7

Conclusion

This dissertation, first, developed and applied a novel qualitative account of

fragmented justification. Within this account, justification is modelled via

fragment-relative non-monotonic justification relations between evidence

and propositions in need of support.

The first application of the account was a novel solution to the preface

paradox that improves on existing (fragmentation) solutions to the para-

dox. The second application was the IPCC assessment report on climate

change, where scientific experts about the climate seem to be justifiedly

believing in an overall inconsistent set of propositions. Fragmented justifi-

cation could usefully be applied to these situations, because the toolkit from

orthodox epistemology fails to optimally capture and honour the epistemic

intricacies of situations like these. I explained how fragmented justification

is rational in these cases, and I developed a set of precautionary norms of

fragmentation.

Furthermore, I talked about how sometimes, even if fragmentation is

epistemically rational, de-fragmentation will become necessary nonetheless

in light of practical rationality. I employed tools from social choice and

judgment aggregation to the case of de-fragmentation within a single agent

and showed how the result from social choice that there will be no univer-

sally applicable / desirable de-fragmentation / aggregation rule also applies

to the fragmentation scenario.
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In chapter 3, concerning the preface case, I showed how de-fragmentation

is very difficult, but ultimately not necessary on the grounds of practical

rationality. However, in chapter 4, I showed that de-fragmentation will

be necessary and argued that due to the inductive risk associated with

choosing a de-fragmentation rule, non-epistemic value judgments will have

to play a role when choosing a suitable de-fragmentation rule in a specific

circumstance.

In chapters 5 and 6, the dissertation turned to quantitative approaches of

justification, and specifically the Bayesian approach to justification. Here, I

developed a novel and very general version of fragmented Bayesianism, pro-

vided an inductive risk argument for the fragmentation of Bayesianism and

its parameters, and I compared the framework of fragmented Bayesianism

with that of imprecise probabilities.

This dissertation is an addition to the literature on justification, by pro-

viding the first explicitly fragmented account of fragmentation. I showed

how existing orthodox accounts of justification are all implicitly based on a

non-fragmented picture of belief and rationality. The dissertation adds to

the literature on fragmentation, by providing an account of fragmented jus-

tification to the already existing accounts of fragmented belief and knowl-

edge.

It also draws connections between justification and belief in relation

to fragmentation, and helps to answer some open questions in the frag-

mentation literature, most prominently the question of whether and why

fragmentation can be rational. This dissertation shows how fragmentation

is not just a “necessary evil” as it is often portrayed in the fragmenta-

tion literature, an account that is more descriptively adequate but fails to

be normatively adequate. It shows that fragmentation, sometimes, is the

rationally superior thing to do. This is significant, because it repositions

fragmentation as a properly normative account.

In addition, as already mentioned, it provides a new and attractive so-

lution to the preface paradox, and thereby contributes to the already vast

literature of solutions to this paradox.

Furthermore, it provides a new application for the tools from social
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choice judgment aggregation and probabilistic opinion pooling. These tools

were developed and are usually applied to cases where the goal is to form

a collective opinion from a group of individual agents. Fragmentation, and

especially de-fragmentation, is a new application of this machinery, since

here, the aggregation is not from individual opinions to a group opinion, but

instead, from fragments within a single agent to the overall unfragmented

mental state of that single agent.

It adds, moreover, to the literature on Bayesianism, by providing an

account of fragmented Bayesianism, with a special focus on the param-

eters within orthodox Bayesianism, such as background knowledge, the

algebra, the confirmation measure, and ur-prior, that can be chosen, each,

to be fragmented or global, which will render the overall version of frag-

mented Bayesianism more or less intensely fragmented, and more or less

close to orthodox Bayesianism. I explained how, the more parameters will

be fragmented, the more difficult it will be to formulate appropriate de-

fragmentation rules for the respective versions of fragmented Bayesianism.

I also provided an inductive risk argument for fragmented Bayesianism,

with arguments for and example cases of the fragmentation of the individ-

ual parameters.

Lastly, the dissertation adds to the literature on imprecise probabilities,

by connecting the literature on imprecise probabilities to fragmentation.

The reason why this is fruitful and interesting is that the respective formal

frameworks are strikingly similar to each other, btu also exhibit important

differences from each other.

As it is the beauty with philosophy, and research in general, there are

many open questions and potential avenues for further research on the topic

of this dissertation. Let me give an overview over some of them.

First, it would be interesting to further investigate the dynamics / di-

achronic aspect of fragmentation generally, and fragmented justification

specifically. How should fragments react to new information? How should

the updating process take place? This would be interesting to investigate

both for the qualitative, as well as for the quantitative account. In this

context, it would also be interesting to see how the answers to these ques-
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tion relate to de-fragmentation. Can receiving new information facilitate

a (potentially partial) process of de-fragmentation, or are the dynamics of

information change and the question of de-fragmentation entirely distinct

from each other?

Related but separate, it would be interesting to further develop the

connection between imprecision and fragmentation, especially with respect

to the dynamics of information change, but also regarding the aggregation

of credence functions.

Concerning aggregation of fragments or de-fragmentation, one might

want to develop a more sophisticated and fuller account of de-fragmentation,

within the quantitative scenario with special focus on the de-fragmentation

of the Bayesian parameters, potentially with some formal results distinct

form the judgment aggregation and social choice literature.

Logicians might also find it interesting to develop logics of fragmented

justification and or belief.

Another interesting avenue for further research would be to look at frag-

mented agents in social settings. What if multiple fragmented agents en-

gage in forming a collective opinion? Answering this question will require,

both, orthodox judgment aggregation / opinion pooling for merging the

opinion of many individual agents to one collective opinion, but with the

fragmentation of each individual agent, there is a second layer that will

complicate the matter. It will turn into a problem about the aggregation

of sets of fragments (each set representing one agent) into a collective state

that could be either fragmented itself or unfragmented.

Furthermore, and lastly, it could be interesting to investigate whether it

might be possible to reframe fragmentation accounts as ways of providing

so-called bridge principles between the principles of logic and / or formal

epistemology and traditional epistemology1

Of course, this list is not exhaustive, and I am looking forward to feed-

back and further ideas on how the ideas and topics developed in this dis-

sertation could be further expanded, and what other open questions that I

1For a recent example showcasing the debate cf. eg. Field and Jacinto (2022).
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might have not considered might arise in the future.
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